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Art.  XXiy.— 0»  «  Jifeir  N^pUtne  Rmk  fnm,  the  Provlit,; 
of  OntHno,  i'aiu„la;  hv  Fkask  I).  Aoams. 

In  a  jwiK-r  wlii.li  ^i-iKjarwl  in  this  Jounial  Home  vcai>.  xiiHo  • 
the  diwoverv  of  a  lar^^  l)ody  ..f  ntplielihi.  ^venitehi  tin.  fnwn- 
Hhmof  Dnnpinnon,  m  eastern  ( hitario  ahont  85  niil.Hn..itliweHt 
of  Kingston,  wbr  recirded.     Ah  Htated  at  the  time,  ti.i^  .Knur 
rence  is  of  large  dimensioi      -.nd  tlie  r.K-k  e..n>titiitinif  it  is  in 
man V  respects  remarkable  in  eliaraeter.      The  cli«coverv  waw 
one  of  tlie  hr«t  results  of  a  pological  Mirv.y  of  tliiK  mrt  of 
Ontario— at  that  time,  geologically  H|H'«kin^r.  a  term  inc^tnUi 
—which  had  just  lieen  undertaken  hv  the  writer  for  the  (Jeo- 
U)gK'al  Survey  of  Canada.    As  the  survey  was  continuetl  during 
several  succeeding  summers,  many  wlJitional  .KH-urrences  of 
nephelinc  syenite  were  discovered  and  mapped,  and  as  the  result 
of  more  extended  study  the  area  is  now  known  to  present  one 
of  the  most  extensive  ami  interesting  developments  of  nephe- 
line-lHjanng  rocks  which  are  known  to  occur  anywhere.     The 
geological  maps  of  the  area  in  (luestion,  by  Dr.  Barlow  and  the 
writer,  are  now  coiupletetl  and  are  Iwing  engrave*!,  and  it  is 
expecteil  that  they,  with  the  accomiwinviiig  report,  will  be  ready 
for  distribution  sliortly.      During  the  progress  of  the  survey, 
1  rof.  Ml  ler  and  Dr.  Coleman  of  the  Ontario  Bureau  of  Mines 
visited  the  «li»trict  and  desi-rilwd  certain  of  the  occurrences  of 
the  nephelme  syenite  in  papers  published  in  the  Reports  of  the 
Bureau  and  elsewhere. 

.1  ^ilf"  ??g«^^  >n  elaborating  their  Quantitative  System  for 
the  Classification  ()f  Igneous  Kocks,  Messrs.   Id<lin'g8,  Cn«s. 
nrsson,  and  Washington   found  that  certain  sub<livisions  of 
their  scheme  had  no  representatives  amongst  the  rock>  hitherto 
described.     One  of  these  subdivisions  was  Order  K  ■^f  the  Per- 
alkahc  Persalanes,  to  which  would  belong  nepheline  syenites 
very  poor  in  feldspar  and  very  rich  in  ni|)lieline,  with  lierhaps 
allied  varieties  of  related  rocks.     As  it  has  been  mentioned  in 
the  paper  on  the  Dnngann.m  nepheline  syenite,  that  in  that  dis- 
trict rocks  composed  almost  exclusively  of  nepheline  occurred 
the  authors  of  the  Quantitative  Classification  suggested  that 
this  order  might  \k  called  Ontarare.     No  analy.sis,Towever,  of 
any  of  these  rocks  had  then  l)een  made,  so  that  their  precise 
composition  remained  somewhat  doubtful.     The  name  Onta- 
rare, however,  was  given  to  the  onler,  the  present  writer  under- 
taking to  make  good  the  claim  of  the  Pn)vince  t    the  bestowal 
of  the  name,  by  describing  an  Ontarare  from  ilie  district  in 

i,  *M:^\t^*P^  ^^^  "etor^noe  »f  »  L»rKe  Area  of  Nepheline  Syenite 
11     he  TowMhip  of  UnnKsnnon.  Ontiuio,  thin  Jonrnal,  Jul,-,  18»4.         ' 

Am.  Jouil  Sci-FocKTu  Sbbiks.  Vol.  XVII,  Xo.  IOO.-Apwl,  1904. 
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F.  D.  Ailatitg — Ai'iii'  Xtj'/iefiiii  Rock. 


•liK'^finii  wliiHi  would  sei-  us  a  tviH-  t'..r  flic  ordiT.  It  U  rji,. 
imr]>.».f  of  Hill  iipiwMif  [miKT  to  iii'iiU'  uo.mI  tliU  iiixlcrrakiiii;  liv 
.liwriliiiifj  fli,.  fjrst  oiifarurc.  " 

Tin-  la'plifliiM-  Mt'iiiti*  of  ca.-t.ni  Ontario.  w|ii|,.  always  pre- 
Miitifijr  fill"  saiiu'  jrfiioial  .liaiacti'r.  arc  ••fprcM'iittMl  l>v  inativ' 
varii-tifs.     The  ro<-k  is  iisiialh  coarse  in  texture,  while  in  some 
of  ith  |M'>riiatin.-  (levelo|Mnents  the  nio>t  exfrnor.!iimrv  size  of 
gmin  IS  attainc.     In  one  occnnvnce  near  the  villajre  of  (iocHl- 
erhaiii  in  the  townf.iii|.  of  (;iaij.  rpin.  eoii.Mstiiifr  of  iiepheliiie 
all.ite.  and  an  oeeasioiial  individual  of  lc|.i.loinelaiie.  the  nephe- 
.ine  nia^ses-for  the  most  |)art  sin;.de  indivi,luals-are  often  w. 
niiieli  lu*  t  in-e  feet  in  diameter;  whil.   in  several  other  reciir- 
rences  iieplieiine  sveiiite  |H'Kmatites  of  alnio.-t  einial  coarseness 
of  Kn»"  I'ave  I.een  fo„nd.    The  rock,  furthermore,  .liffers  from 
tliat  ot  most  nephelmesvenite  occurrences,  in  that  it  conimonlv 
presents  a  more  or  less  distin.-t  foliation  or  K>ieis.sic  striictnre. 
wliK-h  foliation  IS  not  due  to  ornshinjr  ///  .Ifu  with  the  develoi> 
iiu'nt    of  eataclastie  strnctiire.  hut  is  pr.Hhi.-ed   l.v  a   parallel 
arranjiement  of  the  <...n«tit.,ent  minerals,  which  arranieinent 
BeeniH  to  he  a  prmiary  one  or  is  at  least  nnaccompaincd  l.v  ores- 
siire  plieiiomona.  '  .   i   ^"^ 

will'v  "■'■';.''''''''!•■  ■'^T'"*^'':  "f  "'♦-  '•'^Kio".  furthenimrc.  show  a 

off  *  •'"   '"   """*''•".'"?-'"•«'  «'o'"|'ositi Severn!  varieties 

otten  (M'ciirrinir  to<«.t.i.M.   1.  f  ...  „ c.     ■  .    '""Y" 


_i.v....  •  .    f" ' ■■■■i|'v.^nnpii.  several   var 

ot   .  .H.c„rr,njr  t,,jret,.er  ,n  the  sani..  „,•,...  formi,;^  rude  hand. 

rccmmltl'tT'" ''';'■•■'■'■?'•''."■'■'''  ^''^'  f"'i«'i<'".  tlul;  serving  to 
a<  mitnate  this  and  n-n.ler  it  more  pronounced. 

fit  r'h'.''I.n)"r"*^"*'"'''  "^•"^♦''"r"^  "•'''••''  '"^  ""-t  ♦•o.nmo.ilv  pres. 
Irn  t  niit?  mlv  i  '••^f  r"»^'-'  ^'y  «"*""'•'<•''  varieties.  of'Jhich 
lias  inp.,te  ma.v  he  taken  as  a  tviH-.*  I'vroxene  however 
riTlaees    this    in   some  c-asc-s  an.nliotite  in"  othe^  s,  me 

ults  of  the  rock  an.I  m  these  varieties  i^ariu-t  loi-.  Hv  occurs  in 
<-o"s,derahle  amount.    These  .lark  han.ir.  orschlieen  ai^To  v 

■       H  eli  le  *-        '  ''"',^':"^^"'-  '"  t''^'  ''l'«"<la..ee  of  feldspar 

H^;f    nps  J:^^^^^ 
those  which  have  heen  obtained  from  the  nepheline  sv^liite  !iS 


the  tuwiiHlii;!  of   |)iiM;r„„„,,n.  f.,  H„.  ,,„^,  „f  ,|„.  ^jn         „f  ,^,,„ 
croft. 

Tlii-Hj-    iii-plifliiif   KV.-iiit.s   .M-nir  riittiiiir  tin-   r..,  ks  ..f  f|„. 

«r.  iivil..  «-m->,  wlii.-l >ist  I,irvr,.|v  in  this  .|i>trirt  .>f  ,rvs- 

talhiH'   litm>tom->.       Tlirir  wall   r.H-"k  <-.,i |ii-.|iflv   in  Hini.wt 

ey.'ry  eiiM'  \^  lnu.-st..iH'.      Tl nlv  .«-cnm-i wl.i.-li  U  not 

clinH'tly  aHrt.K-iHtf<|  witl.  Inrp-  hih^m^s  ..f  thin  n.,k  in  ,i  lar.n-  i^o- 

lattxl  intrn>i..i.  in  tli.-  tounshii.  „f  M,.tluu-n.  xvh.T.-  tl .■..ntrv 

rock  IS  jjruniti-  uml  Hm|.liilM.liti'.  th,.  latt.-r  li..|,|i„.'  ..nlv  ,i  f.-w 
HHiall  hnuMone  Iwiidx. 

With  this  in  conncctt'd  ..Ml- ,.f  the  niosf  curious  phcn -na 

prt'sentcd  l..v  tlii^-  ncphi-linc  svcnitcs.  nanu-lv.  fh,-  presence  in 
ti.eni  almost  overywh.rc  of  .•alcitc.  This  calcitc  wlion  appear 
injr  III  the  analysis  of  a  r.M-k  at  otwe  Mif;p-sts  an  a.lvance.l  staire 
of  alteration,  since  ealcite  when  t..un<l  in  ijrneous  rocks  is  almost 
iiivariahlv  a  secondary  |.r.Mluct.  In  other  cases  ..ul.ite  in  phi 
tonic  n«'ks  has  Keen  sup|>,»<ed  to  .K-cupv  niiai-..litic  .lnis«-.  and 
to  have  1k)0II  de|K.sife(l  ii.  these  hv  iH-rcolatiiitf  waters. 

A  very  careful  e.xaininatioii,  however,  of  the  calcite-hcaririjf 
occurrences  of  neplieliiie  syenite  in  the  various  parts  of  this 
ami  has  dearly  shown  that  in  the  case  of  these  r.K-ks  the  cal- 
cite  represents  inclusions  of  the  .•rvstalline  limestone  penetrate  .1 
by  the  intrusion,  a  fact  which  receives  additional  sul.stantiation 
in  the  fact   that    m  the  Methuen  (K-cnrretice.  when  the  wall 
rock   IS  not  limestone,  the  nepheline  sveiiit*-  .Lm-s  n..f  contain 
calcite.     Aloiifr   the  borders    of  the    intrusion,  th,.   nepheline 
syenite  is  seen  to  eat  into  the  limestone  and  t..  enclose  larw- 
masses,  the  constituent  minerals  ..f  the  svenite  frrowiiu'  into 
the  substance  of  the  limestone,  often  with'  well  detine<l  Trvstal 
terminations.     These  masses  often  show  a  e..arw'nin>;  in  urain 
as  a  res'    ;  of  the  metamori)hic  action  of  the  intrndiii.'  rr)ck 
(in  reeedinjr  from  the  contact,  the  inclusions  become  less  numer- 
ous and  smaller,  and  eventiiallv  the  Xar^^  masses  are  .lisinte- 
grated  into  separute  individuals  of  calcite  or  small  .'roups  of 
calcite  grains.      These,  under  the  micr.,scope,  can   he  swn  as 
rounded,  often  {lerfectly  round,  inclusions  compIet"lv  enclosed 
inrtsiiifjle  individual  of  nenheline  or  other  eonstitui-,:t  of  the 
nepheline  svenite,  or  lying  Wtween  other  ••oiistituents  of  the 
rock,  which  latter  can  be  seen  to  have  grown  into  the  calcite     In 
these  cases  all  the  minerals  are  i)erfectlv  fresh  and  unalterwl. 
and,  while  the  constituent  minerals  of  the  nepheline  syenite 
rarely  show  pressure    phenomena,  the  calcite  individuals  arc 
otten  seen  to  l>e  much  bent  and  twisted  and  to  display  marked 
strain  shadows,  the  movements  dis|)layed  la'iiig  those  which 
overtook    the   limestone   before    the  intrusion  of   the  syenite 
into  It. 

It  being,  therefore,  clearly  recognized  that  the  calcite  is  some- 
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thiii:;  forci^'ii  t<>  the  oi-i^iiiiil  uuijii 


I  iimirnia  ami  that  it  tncrclv  cxiittn  in 


(•'•m|>'i!-i 


k  ill  flit'  t'nriii  of  iiHliisiiHis,  in  ('Hlriilatin^  out  tlio  miiu*rai 
itiiin  of  till-  r<K'k  flu-  rulcit*-  U  m-t  a»*i<li'  and  tlu'  |>rinmry 


iii;i):mii  ri-jfiirdiMl  iii.  Iiiiviii),'  tlu-  ( jHwition  of  tlu*  cnlciti'-frw 

nxk.  Thr  midu'linr  >.v«'iiit«'  of  tin-  wlan<l  of  Altio,*  it  niiiy  Iw 
iii.iitioiu-ti,  if  clmriictiTi/.i-il  liv  the  pa-MMU'c  of  calcite  wliicli  ii. 
ii.it  of  .•.(•(•oiidarv  oriirin.  whose  nnxle  of  iK'cnrrt'nct'  in  niany 
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tii-s  of  the  rock  have  l)ecii  analvziHl  and 


thiM'  M  rvi-  to  ^ho^v  thi'  mn^e  in  coinixi^itioii  dis|)laye<l  h\  tl 
(  M'   these,   tlilt'e  were  foniMI  to  ln'loii);  to  tilt  da**  of 
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chitiire  recently  nroiML-ed  liy  Messrs.  (Voss,  Iddiiiifs,  I'irsson 
and  Washiiijrton.T  while  three  others  iielonj;  to  the  class  Dosa- 
iane  and  the  suIm  lass  Dosaloiie.  One  is  a  I*lile>jros<>,  one  a 
Viilt'irose  and  one  a  Miaskose,  while  two  are  referahle  to 
Kssexose  and  one  is  a  i\alleru<h>se.  Tin  -e  will  \h.'  fully 
deM-rihed  in  the  fortiiooiiunj;  Ueport  to  whieli  referenee  has 
already  heeii  made. 

Ill  addition  to  these  there  is  the  rook  descrilRMl  in  the  pres- 
ent |)a|H'r.  This  is  a  variety  of  the  nepheline  syenite  which 
is  almost  fn-e  from  feldspar  and  whieli  consists  essentially  of 
nepheline  and  the  iron-magnesia  eonstitneiit,  in  this  ease  horii- 
hleiide.  It  oeeui-s  ii;  the  township  of  Monmouth,  about  35 
!:i'les  west  of  the  township  of  l>uiu;annon.  Here,  on  lots  9, 
l(>.  II  and  12  of  ranges  Vll  to  \  IH,  a  mass  of  nepheline 
.-syenite  breaks  up  tliroujrh  a  great  band  of  crystalline  lime- 
stone. The  southern  limit  of  this  mass  is  unfortunately  mantled 
by  drift,  so  that  its  extension  in  this  direction  is  somewhat 
uncertain.  It  has,  however,  the  form  of  a  flattened  ellipse,  the 
longer  diameter  measuring  one  mile  and  the  shorter  diameter 
about  halt  a  mile,  and  is  completely  surrounded  by  the  lime- 
stone. The  mass  holds  many  inclusions  of  the  limestone  through 
whose  shattered  mass  it  |)eiietrates.  These  include  1  limestones 
frecjiieiitly  are  coar.-*ely  crystalline  and  are  more  or  less  im]ture 
from  the  presence  of  secondary  silicates  developed  by  the  con- 
tact action.  These  masses  have  the  app-.-arance  of  l>eiiig  in  pro- 
ce^s  of  replacement  by  the  intruded  magma.  The  nepheline 
syenite  in  some  places  along  its  contact  with  the  limestone  is 
rich  in  hornbleiKle,  but  elsewhere  along  the  border  it  contains 
but  a  very  small  proportion  of  the  dark  constituent,  so  that  no 
distinct  eiidomorphic  action  can  In;  traced  to  the  influence  of 
limestone.     In  some  few  places,  however,  near  the  limestone 

*  Hi>({l)"iii.  A.  O.  :  Ueber  das  Nephelinsyenitgel.net  auf  tier  Ingel  Alno. 
Ii.-.>1.  Voreu.  i.  Stotkholm  Fiirh.,  Haft.  2,  1895,  ]>.  140. 

f  (JtiHutitative  L'lassificatiou  ui  Igiiuoas  Rocks,  University  of  Chii-ago  Press, 
CbicaKo,  l»0:i. 
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tlir  NVenitc  IioUIh  Hc-H|Militi'.  THkiii^  tlu<  intrusion  hh  n  wlin'u 
it  niBV  Iks  Maid  ti  ;<»ii»ii«t  t-Km-ntiHllv  i>f  alhiff,  iifplicliiir  mid 
li  »rnlilcii- "•  liiit  H  id  NO  fri'<|iicntly  tin-  cum'  iti  tliin  rojjiini  it 
shown  a  '  i  a;  vp  itioii  ill  n-lativc  |iro|M>rtioii  ot  tin-  ••mu'tinu'iit*' 
ill  (litTcri'iit  ;•' .  f».  Ill  Hoiiit'  plucf-i  it  i*  rii-li  in  tfli|»|>iir.  wliilc 
olwwiii'rt'  tin"  iK'pliclitif  aliiioKt  fiitiri'ly  n'tiu'i'^*  tlii«  iiiiiit'ml. 
In  tin*  liitter  im^c  tin-  in'|ilu'!iin'  i-  iikiih'  iicrofiiitt'd  witli  a 
coiiHidcrnliK'  uiioiiiit  of  lioriiMcndc,  in  H<iditii>ii  to  wliicli  in 
itiuMV  cHfeo  )i  Hiihill  Hiiuiiiiit  of  ri'il  gurnet  is  pn-M-nt. 

Till'  ft-l<li»i>tttliic  and  ft'ldnpHr-fri^t?  variftii-s  run  in  rmlflv 
|)arHllL>l  ItaiKis  or  r^'iilii-rfii.  Tliii»f  un-  ofti-n  MVfnil  fi't-t  in 
width  and  niav  In  trucod  for  Koverai  liimdrcd  viirdK  idonj;  thi- 
tttrikt*  of  the  banding.  Tliev  represent  dJNtinft  tiiii);niiis  result 
intf  from  extreim  diflfeJ^•l•.^iario!l.  Tlie  nxk  lu-rt-  dt-MTiU-d  was 
eoTlectetl  from  one  of  the  Iwnds  six  feet  in  width  and  si-vcral 
hundred  yards  loii};. 

The  roek  is  eoarse  in  n  'in  and  eonsis  .vntially  of  white 
neplieline  and  hhu'k  hornoU-nde.  the  fc  -r  prejxiiideratinij 
largely.  It  thus  haii  a  rather  str  l-ini.' 'iitiii'Hriinee  on  the  frtwii 
fraetiirt'.  On  the  weathered  sui'''i'-c  liie  contrai't  presented  liy 
the  two  minerals  is  less  striki'i./  as  the  neplieline  assumes  a 
|>ale  any  color.  '  ii.!'r  tlie  iu  :,•  :ni'  of  the  weather,  the 
ne])lieline,  as  is  alwt  -  he  ease  w  Mi  these  rtK'k>  in  this  dis- 
.iet,  presents  tiie  apiiearanee  of  havinir  heeii  dis>olve<l  away, 
the  weathereil  surface  beinji  smooth  and  recessed,  the  horn- 
blende and  the  accessory  felds|)ar  and  canerinite  of  the  rock 
standing  out  from  the  surface  of  the  neplieline. 

Under  the  microscope  the  rock  is  f.een  to  consist  essentially 
of  neplieline  and  homnlende,  with  iilagiocli'.se,  canerinite,  and 
calcite  ax  accessory  conatitneiits,  as  well  as  socialite,  apatite, 
sphenc.  biotite,  pyrite  and  iron  ores,  tliene  latter  minemls  lieing 
present  in  extremely  small  amounts. 

The  Xepheline  occurs  in  large  wcll-dctined  grains,  present- 
ing the  usual  characters  displayed  by  the  s|>ecies.  It  is  clear 
and  fresh. 

The  Hornblende  is  green  .ii  color,  the  |)leochroism  and 
absorption  being  as  follows  :  n=:  pale  greenish  yellow.  bandc= 
verv  deep  green.  The  absorption  is  c  =  b>o.  The  maximum 
extinction  observed  in  the  sections  of  the  rock  was  l".t°.  It  is 
an  alkali  hornblende,  containing  less  iron  than  hastingsite, 
but,  like  it,  as  shown  by  the  calculation  of  the  analysis  of  the 
r<x'k,  iM'longiiig  to  the  division  of  the  Syntagmatites. 

The  Plagioclase  is  present  only  in  very  small  unioiint  and  is 
in  some  cases  untwiiined,  while  in  other  casi-s  it  shows  a  faint, 
poly  synthetic  twinning.  In  thin  sections  it  bears  a  very  clow 
resemblance  to  the  neplieline,  and  wlu'ii  nntwinned  it  is  fliffi- 
cnlt  in  all  cases  to  distinguish  ♦he  two  minerals.     When  a  Bee- 
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1  witli  aci<l  and  etched,      -wever.  the  plajrjoclase 

individuals  of  a  more  or  less  rounded  form 

tliiics,   Iviiif?  lM?tween  the  nepheline  jjrains 


enclosed  in 


the  latter.     The  felds])ar  isolated  from  another 


th 


rrenee  was  found  to  he 


as  albite  in 


same  oeeui 
Ml'inte;  and  this  feldspar  has,  there: 
eiilcnhitiiii:  the  Mode  of  the  roek.  .,       ,, 

The  a.nount  of  ("anerinite  present  varies  very  eonsulerably 
in  .lilTerent  >|.eeimens  of  the  roek.  In  the  speeimen  analyzed 
.,|,out  :,  iHT  <'ent  was  found.  In  other  speoimens  more  is  found, 
Hlthoudi  in  no  .-ase  is  it  very  abundant.  t  is  elear  an.l  color- 
le.~  hut  is  at  once  <li.stinj;nishe.l  from  the  m_,.heline  wlien 
...xainined  between  crossed  nicols  by  its  much  higher  po  ariza- 
ti..n  coloi-s,  which  in  thin  sections  fre.piently  rise  t(.  a  blue  of 
the  seconil  onler.  It  is  clear  and  free  from  interpositions  and 
ill  conver.'ciit  liL'ht  is  seen  to  be  uniaxial  and  negative.  It  also 
shows  a  sfight  but  distinct  disiHjrsion  of  the  bisectrices,  giving 
H  brownish  and  a  bluish  tint  on  either  side  of  the  iK)sition  of 
maximum  extinction.  When  separated  by  Thoulet  s  solution, 
the  mineral  was  found  to  have  a  specific  gravity  between  2-48 
•ind  •'•44  and  to  be  readilv  decomposed  when  heated  with  dihite 
iiv<irochloric  acid  with  the  evolution  of  carbonic  dioxide  and 
with  subse.iuent  gelatinization.  The  caiicrinite  occurs  in  the 
nepheline  in  the  form  of  narrow  strings  or  more  rarely  in  little 
bunches  of  .'rains.  These  usually  follow  the  couree  of  minute 
cracks  (.r  cleavage  lines,  but  also  are  frequently  seen  to  follow 
the  boundaries  of  individual  grains  of  nepheline  on  their  contact 
with  grains  of  other  minerals.  Thus  between  crossed  nicols 
thev  apixjar  as  a  brilliant  edging  about  hornblende  individu- 
als "or  about  calcite  inclusions  in  the  nepheline,  the  small  pris- 
matic indivi<luals  of  cancrinite  being  arranged  with  their  longer 
axes  at  right  angles  to  the  contact  or  to  the  course  of  the  crack, 
as  the  case  may  be.  The  cancrinite  has  the  apiHjarance  of 
being  an  alteration  product  of  the  nepheline. 

The  Calcite  occurs  in  large  single  individuals,  which  are  found 
ius  inclusions  in  both  the  hornblende  and  the  nepheline.  The 
single  individuals  are  often  perfectly  circular  in  outline,  and  the 
enclosing  mineral  is  perfectly  fresh  and  unaltered  and  is  sharply 
defined  against  them.  In  other  cases  the  same  large  calcite 
individuals  lie  between  the  other  constituents  of  the  rock,  m 
all  cases  having  the  character  of  inclusions.  They  generally 
show  verv  marked  strain  shadows,  while  the  other  constituents 
show  but  little  or  no  evidence  of  i)re8sure  phenomena. 

The  Apatite  is  found  as  (M'casional  more  or  less  rounded  indi- 
viduals, enclosed  in  the  neplieline  or  hornblende,  but,  like  the 
other  accessory  constituents,  merits  no  especial  descrujtion. 

An  analysis  of  the  nx;k  made  for  me  by  Mr.  M.  F.  Connor 
gave  the  following  results : 
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S i^" 

H,0    '••"' 

»!»•(<♦> 
If  followinj:  the  metluxls  of  till' tiimiititiitivi"  Clussitieutinii. 
the  Norm  "f  the  rock  he  e(ilcnUvt<  .1.  'hat  is  to  suv  the  pn.jmr 
tion  of  standard  iiiiiieruls  which         id  jjive  a  majiiiia  of  thi8 
coaiposition,  or  in  tlie  form  ..f  wlnci-  tlie  roclc  under  other  con- 
ditions of  coolinn  might  have  solidified,  tliis  i«  found  to  he  aw 

follows:  . 

Anorthiti  1-51 

Neplieline ^''"i- 

lA'Ucile  ^"^^ 

Olivine •*  "" 

Akermanite '^ 

Magnetite "" 

Ilmenite '■'•" 

Pyrite '^^ 

Calcite   •^"•^ 

Water 1"0 

ItiVOT 
This  gives  the  rock  the  following  position  in  tlie  (Juaiititative 

Classitication :  _ 

Class  1— Persalane. 

Order  H — Ontarare. 

Rang  2— (Donialkalie). 

Sub-rang  4— (Dosodic). 
As  this  is  the  first  Ontarare  which  has  heen  •l;'^^''-;';';'^-  j')^' 
rangs  and  sub-rangs  have  received  no  na.nes  as  ye  .  ^  s  pro- 
™,8ed  therefore,  to  call  rang  :>,  Monn.onthase,  and  sulMang  4, 
duthose,  from  the  township  of  Monn.o.tth  jn  .duel,  tins 
rock  is  found,  while,  as  an  ordinary  designation,  the  name 
Monmonthite  may  he  applieil. 
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Tlie  \\m\v,  „r  actual  iiiincral(.>ficrtl  (•(.mi)<)sition  of  the  rock 
iii  <|"'V'  •''ff«5"'"t  from  till'  Nunii.  us  ^xwn  above,  no  lencite 
aiiortliite  ..hvine.  or  akeniiaMitf  l.t-iiijr  ac-tiiullv  present.  Tin" 
inixie  IS  iihiiofiiiiifiir*  U*  ii  strikiiij;  (U>j;rt'e. 

Tile  M(Mle  is  as  follows: 

■'V*'''*' 1-H3 

Neplieline 72*20 

•Swfalitc .2s 

<'aiKiinit('    5.14 

llonililcndi'   15-09 

Iloinatitc .50 

Calcitf 3. JO 

I'.vritf 14 

!)8-3() 

»>  «ter .50 

Kxcess  of  AI,(),     I  •2(» 

lOO-OO 

of  lort"'f^r^'  fl'is  mode  the  neplieline  is  taken  as  consistinK 
wli  eh  is  I '.  '  *""'  .'::'''"'i>f7llite,  i"  the  proportions  of  5  to  ^ 
wiiieh  ,s  the  eon.imsition  of  the  neplieline  of  the  neohelinp 
sven.te  ocenrnn..  further  to  the  west  in  the  area  of  he  towLS 

E^.-"r  tmied    '"r*".  '"'•""■'"  '''^'  '^""'•""ite.  the  remain,..^ 

ii:i^=i:i;:sx':;:::i;;:i^!;^.s-^"'^----^ 

h    _       o\   AirKtJ .    I^ehrljueh  der  Petrojrranhie   vol    ;    «  qoq 

>     i  nest,  how  e\  er,  k-long  to  the  class  of  the  Dosalanes 
0«,lo«,...l  Department.  MoOi.I  University,  Montreal   P  O 

15?i^o:  T^:  ""^  ^•^P»-'"-->e»itKebiet  auf  der  H«lbi„.el  Kola,  F..„i.. 


„     ..  Advance  com  n"^  I"'' '^^'^'^■'*'''""- 

Subject  to  Remwn.  Advance  c  j., 

Journal  Canadian  Mining  Instituto.     Part  of  Vol.  IX. 

ON  THE  NEED  OF  A  TOPOGRAPHICAL  SlMiVKV  OK  TUK 

DOMINION     OF     CANADA,    PAIlTICULARL^     NV ITH 

TJference  to  the  development  of  the 

ECONOMIC  RESOURCES OFTHE  DOMINION. 
By  Fkank  I).  APAM9,  MoC.ilL  University.  Montreal. 

At  no  ti.ne  in  its  past  hi..^  h.  <;^^X:^ ::^: ^■ 
growth  and  ^ieveloPment^^^^^^^^^^^^         ^^^.^  o..ned  up  •• 
Settlers  are  pouring  in  and  new  ^'^^"  ^  t  national 

all  directions,  and  yet  the  l^o-mon  i.  ^^^^  ^^.  ^J,j  ^^„..„„,,a 
asset  which  is  a  prime  necessity  for  the  satisfactr  ^^^ 

development  of  our  natura    r^our--      o,^;^^^^^^^^^  ^^^  ^,^.,.^^. 

our  country.    Canada  is  ^^  f' ^^^^  .^^  ^J^  Uke  a  hous.- 

surrounding  it.  ^^^      civilized  country 

The  proof  that  the  people  "^^^^f^  ^.^  ,  ^y,,  tact  that 
regard  such  a  survey  a.  "««^«''™^u  regular ordinanr.- 
Zy  have  long  since,  in  every  '''^;. ^'^^^^''^p^^^^  publi.he.1 

or  other  government  survey,  ^^ich  has  prepa  ^^  ^^^^^ 

sider  for  a  moment  the  uses  "^  s"^"  '  ^        ...ijed  by  its  pre- 

public  and  private  moneys  -^f^,;';^ instruction  of  a  go-nl 
paration,  it  will  at  once  be  seen  that  the  ^^^^^ 

.     topographical  map  of  Canada  m  one  of  ^  ^^.^^  ^.,j  ^^^^.. 

,f  the  Dominion  at  the  ^^^'.^^ouc.  ^^  the  country  opens 
it«elf  felt  with  ever  increasing  "J^f  ^""  •„„  „{  ,„ph  a  topo- 
„p  during  the  next  few  years^  loT^public  work  of  enor- 
graphical  map  of  t^he  «-;  ^^t^ieee'  of  work  which  are 
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less.     It  would  a(  the  .same  fimt-  1k'  an  uiulortakiiiR  which  would 
|)r(>\  idc  :i  iKTinaiicnt  asset  for  the  eountry  and  one  which  would 
I>ay  a  liifili  rate  of  interest  on  the  original  expenditure,  in  the  ser- 
vices uhich  it   v.Mild  render  in  a  thousand  ways  both  to   our 
(Jovenitn.Mit  and  to  the  citizens  of  the  Dominion.     The  singular 
fact  IS  th.ii  Tanatla  is  surveying  her  country  incessantly,  and  yet 
has  no  piod  niaj)  of  it.     Whenever  a  new  i)roje(t  comes  up,  the 
land  is  '■■-surveyed.     If  a  railway  is  planned,  almost  the  whole 
work  of  examination  of  the  country  must  he  done  from  the  start. 
If  an   ."ligineer  wishes   to  ascertain    with   precision    how   much 
electric  (>ncrgy  can  he  deri%ed  from  the  waters  of  any  river,  it  is 
necessary  for  him  to  go  and  make  a  maj)  of  the  river  Imsin  as  well 
as  to  gauge  the  stream.     In  1(K):{  one  iK)rtion  of  the  Grand  Trunk 
i'acific  controversy  would  have  been  avoided  if  there  had  exulted 
a    i.roper   map  of    northern    New    Hrunsvick.     lOxpert    opinion 
at  that  lime  tended  to  the  belief  that  the  shajK-  of  the  hills  in 
that    part   of    the    Dominion  would  render  it   very  difficult  »o 
obtam  low  grades    across    them.     A    map   such  as  the  United 
States  map  of  the  Adirondacks  would  have  .settled  the  question 
at  once  and  have  shown  that  the  danger  was  imaginary. 

Furthermore,  we  have  a  dozen  or  more  different  branches 
of  the  government's  .service  carrying  on  isolated  and  independent 
surveys,  often  covering  the  same  areas,  all  more  or  less  imperfect 
and   by  their  dui)lication  entailing  a  g-eat  loss  of  time  and  money 
Thus,   ,n   the  North   West  T  rritories,  within    a  comparatively 
limited  district,  surveys  have  been  made  by  the  following  branches: 
Topogi,„,h,eal    Surveys  and  Timber  &   .Mines  branches  of    the 
Dcpart.nent  of  the  Interior;  Geological  Survev;  l)e,,artment  of 
iailways;  Indian  Department;  &c.     In  the  older  provinces  this 
sta  e  of  affairs  is  further  complicated  by  the  existence  of  surveys 
nn.ler      rovmcial  Government  auspices,  surveys  bv  the   Public 
Works  Department  and  by  railway  companies,  charts  of  the  coast 
l>,v  th.-   I),>partinent  <.f  Marine  and  the  Admiralty,  and  other 
onn.u-  surveys  which  it  is  not  necessary  to  enumerate. 

Tl...  remedy  for  this  state  of  affairs  is  admirably  outlined  in 
<h.'  recommendation  of  the  Civil  Hervicc  Commis.;ion  of  1882 
as  follows: — 

"  Vour  rommissioners  find  that  maps  for  various  purposes 
are  prepare.!  ,n  several  Departments  and,  by  the  evidence  pro- 
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fh.l'„     'r'.      ■"  ?*'  •^"^^'''""•-  f'-o<,no,„ly  occur  in  maps  ..f 
the  «ame  .Lstnct  when  i.s«„e<l  by  nu.r,.  than  cno   U.^nrnZut 

rehable  maps  „f  the  various  part..  ..f  thr  Don.inion  " 
«■  that  which  we  need  for  the  proper  d.-velopnunt  of  our  vari...i 
he  hrst  place,  the  pomtiuu  of  every  natural  fatun.  iu  th-  .li.:tri,-t 

and,  thirdly,  .t  wUl  also  «h«w  the  varied  r.^ults  of  ,he  human 
occupation  of  the  country-town...  village.,  roads.  &c  & 
The  precise  character  of  such  u  map  will  U-  more  dearly  seen' 
.f  we  consider  the  cas,.  „f  the  e.xcellent  .seric>.  of  to..,Kraphi,.d 
maps  which  are  now  In-ing  issue.!  by  the  (;e«loKioa!  Survey  of 
that  country  wh.«e  conditions  luo  t  nearly  approach  ,o  those  of 
our  own,  namely,  the  United  States 

Unit^'stlT'T  r*"?.'^  ""  '^^  '""<>«'-"I>lu.-al   map.s  of  V 
Linited  btates  Geological  Survey  are:* 

lakes' sw"amT7'''''K-""    ^"'''    ^''''''''"''    '^^    »"""''*'    >^'"''""- 
lakes,  sAamps,  &c.,  which  are  i)rint.Hi  in  blue 

2.  Hypsography,  or  relief  of  surface,  a.s  hills.  vaKevs    a.,d 
plains,  which  are  print.^i  in  brown.  '    ' 

3.  Culture  or  features  coiKstructed  by  man.  as  cities   roads 
vdlages,  and  the  na.ne«  and  boundaries,  which  are  printed  t 

This  combination  of  colors  renders  these  tojK.graphic  maps 
eadily    egible.     On  th.-  reverse  of  ea,.h  sheet  is  'a  des  ri   ti 
he  mode  of  reading  the  map,  and  a  legend,  or  series  of  •  n 
t.onal  signs,  md.catii.g  how  the  various  facts  shown  on  the  n    p 
are    represented.     All    th..e    conventions    are    selfn-xpa.  aZ 
and   are   readily   understood   and   interpreted   by   the   llvnia 
except,  perhaps,  the  brown  "contour"  lines. 

edp  his  indebt^n^Z  J^;*' White    fM.^'^'Vw"" '^'"'';."''  '"'«•'"'"« I- 
."formation  employed  in  prepTi^'t^p^eLnt  i^^""'"""  <'™«'"I'hT,   for 
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Th.sc   contours   are  lines  of  equal   elevation— lines   along 
whicli  thr  ground  would  be  touched  by  the  Iwrder  of  a  water 
Mirfaw  (of  the  ocean,  for  instance)  if  it  were  repeatedly  raised 
}<y  a  giviMi  amount.     Contour  lines  express  three  features  of  relief 
(I)  .IcNation,  (2)  horizontal  form,  and  (3)  grade  or  slope.* 
The  tojx.graphic  maps  of  the  United  States  (Jeological  Sur- 
vey r<'i)n.s..nt,  lx',<ide  the  natural  features  mentioned,  such  arti- 
ficial features  as  are  of  a  public  or  more  enduring  nature,  as  state 
••"iiniv,   township,  and  city  boundary  liies;  reservation    land- 
«rai,i.  and   public-land   township  lines;     ..Iways,  streets,   roads 
.■••Hi  iKilhs;  bridges,  ferries,  dams,  locks  and  wharves;  the  loca- 
tion of  permanent  bench  marks  and  triangulation  stations,  and 
.he  ,,os,t.oas  of  light-ships  and  light-houses,  mines,  shafts  and 
n.nn,.|s.     I  he  only  private  features  shown  are  houses,  factories 
store.s,  etc.,  no  barns  or  outbuildings  being  represented. 

A.S  the  outlines  of  wooded  areas  are  to  be  indicated  on  these 
ma,.s  National  and  State  foresters  find  them  invaluable  as  a 
base  for  .lassitymg  the  woodlands  and  recording  the  nature  and 
'INan.ty  of  the  various  trees  and  the  relations  of  the  wooded 
are.is  to  highways  of  transportation,  as  railways,  streams  &e 
I  hese  maps  are,  of  course,  essential  to  detailed  geological  studies 
•m.  o  inves  .gallons  concerning  mineral  resources,  water  power 
and  land  reclamation.  i~"c«, 

A   good    topographic    map   renders    u.mecessary   a   snecial 
-rvey  for  eaeh  new  need.     Prior  to  the  existence  oLLZ^ 

s.rvev'  'AtT  ^i     '"^  ^V^"^   ^"'^^  ^"'"«  "'   water-supp^ 

.r^,  v..     At  far  le.s.s  cost  the  topographic  map  shows  not  only  all 

..se  in.portant  local  features,  but  also  the  relations  between 

I...  artificial  features  in  the  immediate  neighborhood  and  the 

••l"«ra,.hy  and  culture  of  the  surrounding  country    and  thul 

l-roadens  the  .scope  of  every  such  investigation.  ^' 

It  is  noteworthy,  that  with  the  exception  of  one  map  of  a 

a      the  ^  Ikon  District,  none  of  the  maps  hitherto  issued  by  the 
a.iadian  (.overnment  show  that  most  important  feature  of  a 
t"IH.graph,cal  ma,.,  the  relief  of  the  surface 

The  advantages  of  an  accurate  topographical  man  of  m.r 
• "♦••y  "'ight  be  set  forth  as  follows:  ^ 


I 


(1)  Mucational-(a)  By  promoting  an  exact  knowledge  of 
the  oountry;  (b)  by  serving  teachers  and  pupils  in  ge<,graphical 

(2)  I>ractical-A8  preliminary  maps  for  planning  engineering 
projects.  Highways,  electric  roads,  raUroads,  aque,lucts  and 
sewerage  plants  may  be  laid  out  on  them,  and  the  e.«t  of  pre- 
hmmary  surveys  may  be  saved.  Areas  of  catchn.ent  for  water 
supply,  sites  for  reservoirs,  and  routes  of  canals  mav  Ih?  ascertained 
from  these  mapp. 

(3)  Political— In  all  questions  relating  to  political  or  legis- 
lative matters.  For  these  purpo-es  they  afford  accurate  infor- 
nation  as  to  the  relation  of  boundaries  and  towns  to  natural 

features. 

(4)  Administrative  and  Military-In  all  questions  relating 
to  Federal  or  State  administration  of  public  works,  a»  canals 
reservations,  parks,  highways,  postal  service,  and  as  mUitary 
base  maps  on  which  to  plan  works  of  . ''ence,  defence,  camps, 
marches,  &c. 

(5)  Statistical— As  base  maps  for  the  graphic  representation 
of  ail  facts  relating  to  population,  industries,  products  or  oth.-r 
statistical  information. 

(6)  Economic— As  a  means  for  showing  the  location,  extent, 
and  accessibility  of  lands,  waters,  forest.s.  and  valuable  minerals! 
In  this  respect  these  maps  are  indispensable  to  State  and  Federal 
bureaus,  and  to  owners,  investors  and  corporations. 

A  specific  case  of  the  saving  effected  by  the  use  of  such  a 
topographical  map  is  given  by  President  C.  R.  Van  Hise:— 

"A  railroad  company  owned  two  lines  in  northern  Michigan 
and  Wisconsin  which  they  wished  to  connect  by  a  branch  some 
forty  miles  in  length.  The  country  was  unknown  between  the 
two  lines.  Under  my  direction  topographical,  geological  and 
timber  maps  were  made  of  about  twelve  hundred  square  miles, 
at  a  cost  of  about  $25,000.  After  these  maps  were  made  the 
line  was  laid  down  in  the  office  with  a  lieautiful  grade,  and  with 
the  best  location  possible  with  reference  to  iron  ore  and  timber. 
One  of  the  features  of  the  line  was  that  it  crossed  a  bold  trap 
range  which  was  supposed  to  be  impossible  to  cross  except  at 
great  expense,  by  finding  gaps  through  it.  This  line  crossed 
the  branch  of  another  railroad  about  twelve  miles  long,  which 
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Urinise  it  woi.f  around  th,-  end  of  this  trap  range,  when  the 
K«I<  ««.s  din-ctly  in  front  of  it.  v.as  at  least  two  miles  longer  than 
nc.s.sary.  These  additional  two  milt's  of  road  coHt  fully  as 
niucli  as  tlu-  e.itire  survey  of  the  twelve  hundred  square  miles. 

It  is  n.y  profound  conviefion,  if  topographical  surveys  were 
n.a.l.'  of  l.road  zon.-s  where  it  is  exp«>et..l  to  projeet  railroads 
(hn.uKh  rough  forested  eountry,  that  n.anv  times  the  cost  of  the 
surv.-y  would  Ik-  saved  iu  the  e..nstruction  of  the  railroads,  besides 
getlinn  a  U^tter  loeation  Ix.th  as  to  resources  and  to  grade  thin 
.s  ,K,s.s,|,k.  l,y  the  random  meth.uls  employed  at  the  present 
iinu-  for  the  locating  of  railroads  in  rough  forestetl  country." 

The  c.nstrucf  ion  of  a  topograj.hical  map  of  the  United  States 

ms  Leon  a,s.s,gned  to,  and  is  Ix-ing  admirably  carried  out  by 

the  (.eologu-al  .Survey  of  that  country;  the  Coast  and  (imletic 

N,rvey  -mfuung  their  ojKTations  to  the  n.apping  of  the  coastline 

and  the  strip  of  country  lx)rdering  it. 

The  generai  plan  adopted  for  mapping  the  United  States 
consis  s  n.  d.VKhng  the  country  into  quadrilateral  areas  (called 
quadrangles'-)  Ix.unded  by  parallels  and  n.eridians  of  latitude 
and   longitude*     Thri-e   regular   scales   and   a   series   of  spectl 
scales   have   Ix..n   adopted.     For  reconnaissance    maps   in    the 
rougher  portions  of  the  Fur  West  and  Alaska  the  scale  of  1 :250000 
-r  nearly  4  m  Js  to  the  inch,  is  standard.     For  the  generaTZ; 
..he  In.  , Hi  States  the  scale  of  125,000,  or  nearly  2  miles  to  th 
nhs  .standard.     I„   the   more  <lensely   p<.pulated  districts- 
h    Atlantic  coa.st,  parts  of  the  Central  n-gion,  and  portions  of  the 
ac.hc  coast- the   scale   of    1:62500,   or  alK,ut    1    mile   to    the 
...ch    IS  standard.     Thc-se  scales  are  readily  convertible  into    he 
".etric  an    other  systems  understood  in  foreign  countnt      H<  '! 
.'Nor,  a    the  bottom  of  each  sheet  the  scale  is  expresses!  in  three 
ways-by  a  graduated  line  representing  miles  and  parts  of  ni^:^, 

metres!  t '"'''. 'r  "  "™""^  ""^  •"^•^'^*""^  '^^'-'^^  i»  the 
2m  feet  to  the  inch  up  to  100  feet  to  the  inch,  areu.ed  for 
detailed  surveys  of  important  nuning  regions.  f„r 'the  planni^ 
and  construction  of  irrigation  projects,  etc. 

•  See  BuUetin  227,  U..S.  Geol.  Survey,  ali^ady  cited,  pp.  6(^. 
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The  rna,«  „ro  pnnr.Ml  „„  .1,...,..  a,.,,n,xi„.at,lv    1:!  hv   17 
'nth«..     The  arra  n.pr,^,.„t,Hl  „„  a  sh.vt  on  the  I  ,„ii..  m-ale  is  r, 
"-H.t..  o  Ia,i.UKle  and  of  lon,i„..l..,  or,  on  ,h.  av..„J.,  a     ^    .  / 
H-luar..  mde.;  on  ,ho  -.-.nil,,  .-al...  :„,  min..,..  ..f  ,,,•,„,.  J,  .f; 
1.  ..K.tu. lo.  or  aU.„t  ,,,K,  s,„ar..  n,ih.;  „„.,  ..n  ,h..  n-.-onnaUHane. 

mmo  of    ho  most  ,m,x,rta„t  town,  city  or  natural  foatur.  within 
the  qua<lranKle  r«'pn>sontwl. 

.^ni!^*""  '"''*'"'''  "'  ""'''  ^'"'^  ^""""■•^'  "'  '""ki-K  thes..  to,HK 
RraphH-  sur^ev8  aro  as  follows:  At  rathor  .ILstant  in„.rvals 
thron^h  the  tomtory  un.ier  survey,  say  10  „,  ,>o  „,iles  n.o.u  ! 
"lonts  are  estahlisheci.  the  positions  of  whi.-h  are  aeeuratelv  lle- 
ernnne,!  by  tn^,.nometrir  ,„eth,Kls  an.)  reeonhnl  in  .leRrcn-.s  of 
la  ,tu,ie  and  lonRUude.     For  this  purp-se  l.ase  lines  from  4  t<, 

ofi^e^.   7   ^r  """""■"'  "*"'  «"•"'  "••'•"■•«">•  "-  >'>-'i<"' 
>  1  U        r        r  ""•'  "'  '*"  "'="""^''  '«''"«  •''■t-r.nin.Hl  as,ro. 
nl  T^  ;     K^r""  ''^'^  ''"•''*'  **  ""'  "■"^'^  "f  triauRulation  is  ex- 
panded to  hdltops.  mountain  su,nn,i:.  and  other  prominent  ol,- 

ion''  *!;,' ""''"k"'  "^  "^"■''  ""'  '■'*'^^"">-  •J*'»'"-"'i-l  I'v  <on.puta- 

^montl,^  "ah'  """"'  "'•'■''  "^  *'''•  ''"•''""  "^  t^-KolHti-  an.l 
romput.ng^    All  extstmR  trmngnlation  by  other  organizations  is 

uUhzed.  \\  here  the  nature  of  the  country  renders  the  extension 
of  tnanRulat.on  impractieable.  prinmry  control  is  extea,le<l  bv 
means  of  careful  lines  of  traverse.  • 

The  resultant    positions  are   ,,lotted  aeeuratelv.  bv  latitude 

18  by  24  mches  m  mze,  called  plane-tabi,  !  .  ,s.  Toeach  topog- 
rapher IS  assigne,!,  a.s  his  season's  work,  the  mapping  of  one^or 
more  quadrangles,  and  he  enters  the  field  equipped  with  the 
plane-table  sheet,  which  has  on  it  only  the  trigonmnetric  ,..si- 
tions.  A  field  party  usually  consist.s,  i„  ad.lition  to  the  topograph- 
er m  charge,  of  one  skilled  assistant,  of  the  grade  of  assistant  to  k>- 
!Zl  LT""  '"'^''™P*'"'  «'«1'  ^"d  several  surveyors  tem,K,ra  ily 
employed  as  traversemen  or  levelmen.  with  the  necessarv  rmimen 
teamsters,  cooks,  and  other  camp  hands  where  subsistence  is 
by  cainpmg. 

The  levelmen  proceed  to  run  lines  of  spirit  le^,■ls  over  the 
various  roads  and  paths,  to  determine  elevations.     The  higher 
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onliT  of  primary  IpvolinR,  i>li<i>wh<Tr  drarrilKHl,  u  nin  at  such 
(listaiicps  apart  that  at  It>aHt  two  permanent  liench  marks  may 
lie  extahlwhed  in  earh  tduimhip  or  equivalent  area  6  miles  square. 
I-evi'ls  of  a  le«H  decree  of  aectiracy  are  then  nm  over  every  road, 
iukI  where  thexe  are  trM>  far  apart,  say  a  mile  or  more,  the  levels 
are  run  over  trails  or  across  eountry.  either  by  spirit  level  or  by 
vertical  angulation  with  stadia. 

Meantime  the  topiKrapher  is  extendinff  a  graphic  trianf(ula- 
tion  on  his  plane-table  iKiard,  the  object  of  which  is  to  locate 
precisely,  on  his  sheet,  pf)iiits  all  over  the  area  under  survey. 
These  include  signnls  placed  upon  prominent  hills,  church  spires, 
lone  trees,  and  other  definite  objects;  or  in  case  the  country  is  of 
such  nature  that  it  cannot  l>e  controlled  by  triangulation,  he  has 
careful  lines  of  travc'se,  by  stadia  or  steel  tape,  run  at  intervals 
of  iilK)ut  .5  miles  .:.      connected  with  the  lines  of  primary  tra- 
verse previously  run  across  the  sheet.     At  the  same  time,  the 
traversemen,  c<]uipr)ed  with  lighter  plane-table  boards  on  which 
arc  smaller  she«'ts  representinR  aboiit  one-fourth  of  the  whole 
(luadrangle,  are  running  graphic  traverse  lines  over  all  roads  and 
paths  and  acro.ss  country,  with  a  view  to  locating  the  cultural 
features,  the  courses  of  streams,  the  outlines  of  lakes,  etc.     On 
highways  the  distances  are  measured  by  counting  the  revolutions 
of  a  wheel,  the  circumference  of  which  is  known,  or  by  stadia, 
and  in  dense  woods  by  tape. 

On  the  completion  of  this  primary  control  and  coincident  with 
its  preparation  the  topographer  transfers  to  a  clean  sketch  sheet 
the  primary  control  points  and  adjusts  to  these  the  positions  de- 
termined by  secondary  plane-table  triangulation  or  stadia  or 
tape  traverse.  The  less  accurate  traverse  lines  are"then  adjusted 
between  the.se  more  accurate  positions  and  the  elevations  pro- 
cured by  spirit  leveling  or  vertical  triangulation  are  then  added 
to  the  map. 

Kquipped  with  this  control  sheet,  on  which  arc  shown  approx- 
miately  one  trigonometric  location  per  square  inch  of  paper, 
two  or  three  linear  inches  of  traverse  per  square  inch  of  paper, 
and  from  two  to  ten  elevations  \ier  square  inch  of  paper,  the  topo^ 
grapher  walks  or  rides  over  all  roads  and  paths  and  about  the 
margins  of  lakes,  across  country,  etc.,  .selecting  routes  so  near  one 
another  that  he  may  be  able  to  see  all  portions  of  the  land.     If 
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the  country  b  rough  he  u»f»  uu  aiieruMi,  wttiiiK  it  at  i.iif  of  the 
fixed  elevations  and  fre<iiiently  <li».i-kinjt  it  by  othen<  of  hki*  kind; 
with  it  he  'w  able  to  determine  the  enwwinjt  of  eaeh  contour  line 
on  hi«  mute  of  travel.  In  a  relatively  flat  rountry  he  uw«  a  hand 
level,  or  rrad«  vertical  anglex  from  his  plane-table  and  u-scertains 
like  factM.  Stopping  frecjuently,  he  Nketehe«  in,  t-v  means  «.f  con- 
tour lines,  the  relief  of  the  country,  and  et»rr«Ht«  as  he  giM-s  the 
positions  of  roads,  houbes,  streams,  etc.,  hnated  b\  his  .assistants. 
At  the  close  of  the  field  season  the  temporary  employees  are 
dischargetl  and  the  party  chief  returns  to  the  oHiee.  Here, 
during  the  winter  seas.n,  he  completes  with  great  care  the  draft- 
ing of  the  majw,  using  the  three  colored  inks  selectwl  lus  standanl 
for  this  work— black  for  culture,  blue  for  drainage,  and  brown 
for  relief.  Town  and  county  maps  are  consulttnl.  corresjxtn- 
dence  Is  entered  into  with  jiostmasters  and  oth.-r  local  ollicials 
and  railroad  corporations,  all  compiled  material  is  carefully 
scrutinized,  and  the  final  outlining  of  fwliti.al  boundaries  and 
the  lettering  of  names  are  completed. 

These  original  drawings,  as  they  are  calle«l,  are  at  once  copied 
by  photography  or  photolithography,  so  that  they  may  lie  avail- 
able for  immediate  consult^ition  by  the  public,  pending  their  en- 
graving on  copper  for  final  publication. 

The  cost  of  the  surveys  first  made,  on  the  scale  of  4  miles  to 
the  inch,  averaged  SI  75  a  square  mile.  Those  made  a  few  years 
later,  on  the  scale  of  about  2  miles  to  the  inch,  averageil  in  cost 
$4  a  square  mile,  while  those  made  on  the  scale  of  api)roxiniately 

1  mile  to  the  inch,  averagtnl  in  cost  f  10  a  stpiare  snile.  During 
the  field  sea«on  of  18N4  a  single  party  mapped  over  11,000  square 
miles.  A  few  years  later  the  output  of  a  single  party,  on  the  scale 
of  2  miles  to  the  inch,  was  about  3,000  square  milws  in  a  season. 
Today  the  more  refined  and  detailed  maps,  en  the  scale  of  about 

2  miles  to  the  inch,  with  a  contour  interval  of  100  feec,  cost  from 
$7  to  111  a  square  mile,  according  to  the  counfr>',  and  a  single 
party  can  rarely  map  over  600  to  1,000  square  miK  ,  >  a  season. 
On  the  scale  of  1  mUe  to  the  inch,  a  party  now  maps  rarely  more 
than  500  square  miles  in  a  season,  and  the  cost  of  this  work 
varies  between  $12  and  $30  a  square  mUe,  according  to  the 
nature  of  the  country. 

Being  in  this  Institute  more  particularly  interested  in  the 

9 


<J«'vtlt.|.ment  nf  the  mineral  iiidustrien  i>f  our  country,  we  may 
iwk  h.Hv  thifl  icfuiKraphiral  work  ilirectly  aid>«  the  miner.     Thw 
is   .'(iHilv    an^were.!.     While    the    topographical    branch    of   the 
r.  S,  (ieoIoKical  .Siir\ey  in  carrying  forwartl  the  topographical 
8iir%-.v  of  th«'  country,  parties  l^ing  at  work  in  alm.xtt  every 
.stnf.'.  tlu-  g.'ologiral  branch  of  the  Survey  is  at  work  making 
lictailci  KPologica!  maps  of  special  mining  areus.     So  much  in 
this  work  ar)prcriato.l  in  the  Fnite.!  States  that  it  ia  a  regular 
(•u.Mtorn   when   de,K>Hifs  of  valuable  minerals  are  found  in  any 
rliffrut  to  at  once  apply  to  the  Director  of  the  United  States 
'J.'oloKi.al  Survey,  for  the    ron.struction  of  a  geological  map    of 
'li.>  ar.a  or  mining  camp  in  (,uestion.     Then-upon  the    Director 
u(  the  Survey  fixes  the  In.undaries  of  the  area  to  be  surveyed 
an.l  const, tut.>s  it  a  ••,pmdr«n,:lc,"  nat-ing  it  after  some  town 
ur  Mll«K..  u.thin  the  area.     This  .,uadrangle  is  bounded  bv  proper 
north  and  .south  and  east  ami  west  lines,  and  thus  forma  a  sheet 
of  the  K,H.logical  mar.  of  America  which  is  now  in  course  of  con- 
M ruction.     This  having  Ixn-n  done,  a  topographical  partv  at  once 
makes  a  to,M,graphical  map  of  the  area  on  the  required  scale 
and  this  n.ap,  without  waiting  for  the  edition  to  go  to  press    i^ 
given  ,n  manuscript  form  to  the  geolc^ist  and  is  used  by  him  aa 
h,-  basis  of  his  work  in  con.-tmcting  a  geological  map  of  the  area. 
In  fact,  no  less  than  four  maps  of  the  area  are  constructed-  one 
showing  the  topography  of  the  area;  another  showing  accurately 

mthm  It  ,f  thc^e  exist;  while  a  third  is  so  colored  as  to  emphaTize 
the  mineral  deposits  or  any  bands  or  occurrences  of  rock  which 
are  likely  to  contain  .hem,  thus  serving  as  an  excellent  basis  for 
he  work  of  prospecton,.     A  fourth  map  shows  the  structure  of 
the  area  by  presenting  a  series  of  transveree  sections  through  it 
These  four  maps  are  bound  together  in  a  stout  paper  cover  and 
constitute  what  is  known  as  a  •  folio."     By  the  aid'of  ^he  conLr^ 
topographical  map,  all  surface  workings  of  the  camp  can  be  carried 
ra  wavs   i  'T^^'n'-al  manner,  the  best  location  for  all 

onlent  of  ^K  "'"       f^'^^'^^'  and  the  general  surface  devel- 
opment of  the  area  also  worked  out  was  to  secure  the  greatest 

the'dSb'V'^  'T"!  '^'-     '"  '""^  ^"'•"^-"y  eolorTsh^ 

he  distribution  and  relative  position  of  the  various  strata,  Ac 

"nderiying  the  area,  as  well  as  the  outcrops  of  the  mineral  deposits! 
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are  shown,  and  fr..in  it  ran  bo  drtermined  the  hiMt  l.M-«tion  for 
shafm,  inrlinPH.  drifti.,  Ar..  and  hy  it  the  jjeneral  devplopment 
of  the  underptmund  work  can  be  greatly  aiwL«te.i.  Kvery  folio 
w  alMt  accompanied  by  a  sheet  of  text,  which  niviw  a  conden«e<i 
dewription  of  the  gwilogy  of  the  «r  a  in  (nation,  written  in  plain 
lanKiiage  so  that  it  can  be  easily  undemt,Hid,  while  on  the  inner 
surface  of  the  cover  of  the  folio  there  i<.  n  brief  e\i>lanatory  treati-w 
of  a  very  general  character,  and  which  is  identical  in  all  the  folios. 
Betting  forth  the  chief  g«'.)loKical  and  topographical  terms  and 
explaining  the  nature  of  the  commoner  geoloKJcnl  structures. 
These  folios  have  licen  found  by  the  mining  community  of  the 
United  States  to  l>e  o  the  «;reate«t  practir  i  value  in  the  "develoiv 
ment  of  the  various  n.  ,iing  camps,  and  t  y  have  probably  rlone 
more  than  anything  else  to  commend  the  Survey  to  the  mining 
community   of  the  country. 

Such  folios  would  be  of  inestimable  value  in  the  development 
of  the  various  Canadian  mining  camjM,  such  a;'  Rossland,  those  of 
the  Boundary  distr-*  or  our  most  recently  discovered  minen '  dis- 
trict about  Cobalt,  and  would  commend  themselves  to  Canadians, 
as  those  of  the  American  mining  camps  have  to  the  mining  com- 
munity of  the  Unilfd  States.     Instead  of  carrying  out  such  work 
88  this,  the  Canadian  usage  has  l)een  to  send  out  some  unfortu- 
nate geologist,  with  an  inexperisnced  assistant,  and  to  call  on  him 
to  make  a  geological  map  of  some  complicated  area  without  anv 
topographical  basis  on  w»---;h  to  plot  his  work.     He  is  then  ro- 
quired  to  furnish  a  report  upon  the  area,  accompanied  by  a  geo- 
logical map,  at  once.     Such  a  map  however,  if  it  is  to  be  of  any 
value,  can  only  be  constnicted  ver>'  slowly,  seeing  that  the  geol- 
ogist is  called  u|)on  to  do,  not  only  his  own  share  of  this  work 
but  to  make  a  topographical  map  of  the  area  as  well.     The 
geologist,  who  commands  a  relativelv    ligh  salary  is  thus  obliged 
to  spend  about  three-quarters  of  the  time  at  his  disposal  in  doing 
topographical  work,  which  is  necessarily  of  an  indifferent  quality, 
and  thus  has  comparatively  little  time  left  in  a  season  to  devote 
to  that  work  which  properly  belongs  to  his  profession  and  for 
which  he  was  sent  into  the  field.     Such  a  system  can  never  give 
satisfactory  results,  either  to  the  mining  community  or  to  the 
geologist,  for   it  gives  the  former  but  little  aid  and  brings  dis- 
credit on  the  latter.     In  the  remote  and  comparatively  unexplored 
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regions  of  northern  Canada,  where  geological  work  is  necessarily 
of  the  nature  of  a  reconnaissance,  the  geological  exploratiok 
may  be  carried  on  it  the  same  time  as  a  rough  topographical 
map  IS  he.ng  produced.  But  in  mining  areas  verv  different 
methods  must  be  employed. 

There  are  very  few  ways  in  which  the  Government  could 
render  «id  to  the  development  of  the  Dominion  more  certainly 
and  more  wisely  than  by  the  organiEation  of  a  proper  topograph- 
ic«  stirvey,  and  the  most  convincing  evidence  of  thrappre- 
eiation  wh.ch  ,s  extended  to  such  work,  by  people  engaged  in 
every  species  of  enterprise  which  has  to  do  with  the  .levelopment 

In/'  vT'^Z""'!  T"''^'  '""  ^  ^"'^  ^y  '^'  P*"-"**^  «f  Docu- 
ment 136  of  the  57th  Congress  of  the  United  States,  entitled 
Abstract  of  Reports,  Letters,  Clippings.  Endorsements,  Resolu- 

S-  f  w  "l*"";  ?^''"'''''  '^""^'"^  '^'  '^^'"^nd  for  the  Topo- 

.   graphical  Work  of  the  United  States  Geological  Survev,"  whS^ 

was  published  m  Wa-shington  in  the  year  1902.    This  d;cument 

c'fTZM'''"'"  r"  1  '^^'"^'^'  P""^^  »^^^'  -d  ---ts 

1„  ,  f  fr'"*'"d^^'«"  f™""  a"  parts  of  the  country,  and 
requests  for  the  ccnstruction  of  topographical  maps  of  special 
areas  by  the  Unit^  States  Geological  Survey,  in  oX  thatTch 
n  a,«  may  be  used  for  the  practical  development  of  the  resources 
of  the  said  areas  in  one  direction  or  another. 

The  work  of  surveying  Canada  when  once  done  would  be 
a  permanent  a.sset  to  the  Dominion,  and  until  such  a  sui^ey  b 
earned  out  an  enormous  amount  of  duplication  of  effort  and 
^ste  of  money  will  take  place,  all  of  which  could  be  saved  bv 

atllTT         °'"^'.  '"'■  '''  ""'  '  P^P^^  topographical  r-^p  o^ 
at  least  the  more  settled  portions  of  the  country 

I"  concluding  the  words  of  the  Hon.  C  D  Walcott   I)ir^..f«r 

nrn^;  ,     •  '^"''^"^^     "^""'^  "'^P^  «^«  a»  ^««ential  to'  the 

proper  development  of  all  of  the  resources  of  a  State.     We  have 

eached  the  point  where  officials  of  railroads,  of  trolley  linT 

hose  interested  in  highway  improvements  and  in  the  develop 

ment  of  city  water  supplies  and  sanitary  measures,  as  in  ginerd 

8ur^e^s  until  they  have  first  procured  from  this  office  the  toDo- 
Kraphic  ma^s  and  the  records  of  levels  run  in  connection  the^ 
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Art.  XI. — ^l/(  fiit'fiiti<j(it!on  into  tin-  Hhixtir  CiniHtiintii  of 
Ifockit,  more  e»p<'fiidhf  irif/i  /•»;/<' /V7<(V  to  Cuhu'  ConipreH- 
sihllity;  by  Frank  D.  Adams  ami  Krnkst  (J.  Cokkr. 

fiiti'iMliirfion. — In  a  paper  puhlislied  in  liMH  an  account 
was  given  of  an  investigation  into  the  det'oriitation  of  nmrl)le 
nndcr  varying  conditions  ot  heat  and  pressure.*  I'lider  a 
grant  from  the  Carnegie  Institution  uf  Wasliington  to  F.  I). 
Adams,  tlio  experimental  investigation  into  the  lieiiavior  of 
rocks  under  pressure  has  been  continued  iu  tlie  hilmratories 
of  McOill  University.  As  the  investigation  went  forward, 
liowever,  it  was  found  necessary  to  follow  out  several  separate 
lines  of  research,  the  results  of  wliich  it  is  proj)osed  to  present 
in  a  series  of  sepanvte  papers. 

In  the  present  article  a  i)rief  resume  is  presented  of  the 
metliods  adopted  and  the  results  obtained  in  an  investigation 
into  the  elastic  constants  of  rocks,  more  especially  with  a  view 
to  ascertaining  the  amount  of  cubic  compression  which  rocks 
will  undergo  when  submitted  to  pressure  from  every  side, 
all  rocks  of  conr.^e  being  subjected  to  such  compri'ssion  to  a 
greater  or  less  extent,  previous  to  the  deformation  which  tiiey 
suffer  under  conditions  of  differential  pressure. 

A  full  presentation  of  the  results  of  the  investigation  .vill  I)c 
found  in  a  Publication  of  the  Carnegie  Institution  of  Wash- 
ington, No.  '  iiaving  the  same  title  (is  the  present  pajw-r,  and 
which  is  now  m  press,  to  which  the  reader  is  referred  for  full 
detf.ils  of  all  the  measurements  carried  out  in  the  case  of  each 
ot  the  specimcTis  examined,  as  well  as  for  detailed  descriptions, 

*  Adamit,  F.  D.,  and  Nicolson,  J.  T.  An  experitueutal  invvHti|;atiun  intg 
the  Flow  of  Marble.  Phil.  Tran8.  Roval  Soc.  Loudon,  Series  A,  vol.  excv, 
pp.  368-401. 

Am.  Jocr.  Sci.— Fourth  Seribs,  Vol.  XXII,  No.  128.— Auoiht,  190«. 
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n.lor  |iiiM-es8  |)liot<>jrrn;»li8  ami  microjiliotojji-ajilis  of  eadi  of 
the  n.cks  iMiipI.ivi'd.  Hefort-  tlu-  iIlvl•^tiJ;atil>ll  wan  completed, 
Dr.  Cokcr  wan  called  fo  the  iVofe»oiNhi»  of  Atecliaiiicai 
Kiifriiieen.if;  in  the  Fiiinl.iirv  Technical  Institute  of  L.iii<lon. 
Kiifrland,  and  was  accordiri<rly  oiili^red  to  nive  up  the  work  of 
♦  '  roeurch.  His  place  was  tnken  l.y  Mr.  Charles  McKerjrow, 
'.cfnrer  in  .Mechanical  Kn^rineerin";;  in  McfJill  [Iniversitv' 
i>iit  who.  immediately  on  the  completion  of  the  work,  was 
appointed  to  the  Professoishii)  <A  Mechanical  Eiigineeriiifr  i„ 
the  I  niversity  of  Virj^inia.  A  larf,'e  niimlMir  of  the  verv  care- 
hil  measurements  of  the  elastic  constants  which  are  pre- 
scnted  m  the  paper  were  made  hy  Professor  M'-Ker<row. 

M,t/in,fM  ,rf,!<f,  „„i,i  hfi  tiMfid  ill  th,'  i/<t,niut,<it!„„  of  thf 
Elaxtic  CoHstiintx  of  Matti'nth. 
The  determinat-on  of  the  ciihic  compressil.ilitv  of  solid 
siihstancesis.asahove  mentioned,  U-set  with  serious  ditficulties 
On  one  hand  every  direct  meth.Ml  which  has  l)c-eii  sii<r„ested 
preset.'.*  exnerimental  difficulties  which  tend  to  impair  its 
accuracy,  while  on  the  other  hand  the  indirect  methods  are 
l.as«'d  .>n  as.sumptions  as  to  the  isotropv  of  the  materials, 
which  are  not  warranted  in  the  case  of  c(  .tain  nn^ks.  The 
iiKliiect  methods,  however,  depen.liiijr  on  rhe  theorv  of  elas- 
ticity, are  capahle  of  considerable  variation,  and  it  is' of  inter- 
est to  examine  them  in  some  detail  in  order  to  .see  whetlier 
certain  ot  then,  at  least  may  not  be  depended  upon  to  give 
reliable  and  satisfactory  results.  ^    "= 

The   determination  'of   the   elastic  constants  of  metals  has 
enjrafred  the  attention   of   many  i)hysicists   and  at  the  present 
ime  a  large  amount  of  information   exists  as  to  the  values  of 
tliese  constants  for  various  metal.s. 

It  is  well  known  that  in  homofteneous  elastic  substance.s.  a 
simple  compression  stress  causes  a  lateral  strain,  which  bears  a 
tixed  ratio  to  the  compression  strain  for  anv  particular  .sub- 
sauce  within  the  limit  of  eksticitv.  If  then*  we  call  p  the 
stress  on  a  plane  j)erj.endicnlar  to  .•  in  the  di,-eetion  .r,  and  e 
the  corres,..nd,nfe  .Urun.  then  for  a  direct  compressio'n  stress' 
yv  there  will  be  a  stiain  in  the  direction  of  this  stress  of 
Mniount  .,,/A,  where  A^i.  Young's  inod.ilu.s,  and  lateral  strain 
of  magnitude  p^/v,E,  wiiere  ,.,  is  the  nUio  of  the  longi- 
tu  .inal  compression  to  the  lateral  extension  per  unit  of  lengtli 

stress'of  birr>  ■""*•■  "'"•, ""  •'•"^•^'  '-^  •^"''.K'<-t'-"i  to  cubical 
stress  <,f  intenstyy>,  XN,.  easily  see  that  for  small  and  there- 
fore superposabic  strains,  the  cubical  strain  e,  is 
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•See  Ewing'8  Strength  of  Materials,  Chapten.  I  and  II. 
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and  since  the  iii<n]iiIuh  of  eompressihilitv   D  ih  tbu  ratio  of  the 
stress  \Mir  unit  of  hm'h  to  the  euhical  strain   prcMlueeil,  we  liuve 
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IIiMiieeif  we  know  A'an<l  ///  we  .-an   c.ilcnlute  the  value  of  />. 
r  nrtlier.  it  is  shown  in   treatises  on  ehi.-tieitv  tliat  if  ('  is  the 
niotlnhis  of  shear,  then 
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and  since  rand  //are  .innntities  wliicii  can  he  ascertained  l.v 
experiment,  we  can  from  them  calculate  //*  and  />. 

In  an  im|H)rtant  pa|M«r  l.v  Nayaoka*  this  latter  method  has 
been  iise.1  to  determine  the  elastic  constants  of  a  series  of  rocks. 
The  value  of  E  was  determined  hv  supporting'  a  l.ar  at  the 
ends  and  meHHurinf;  the  angular  chancre  at  the  supjx.rt  due  to 
a  Kiven  load  aj.plied  at  the  center;  the  value  of  H  is  then 
obtained  h.v  the  formula  K=^irr/^Hre,  where  /  is  the  length 
of  the  bar  between  the  supports,  /;  is  the  breadth  of  the  bai"  7 
the  depth  and  6  the  anjfular  chaii-re  at  the  ends  for  a  loud  \\'. 
In  ortler  to  determine  the  value  of  ,„.  a  specimen  of  rectan<'n- 
lar  section  was  twisted  by  a  jriven  torque,  r,  and  the  amount 
ot  the  strain  measured.  It  has  been  shown  bv  St.  Venant  that 
for  such  a  case  the  value  of  V  is  mveii  by  the  formula 


tan  A  (L>n  +  I)  ''*  "] 
(->ii  +  \Y         -J 


where  6  is  the  angular  change,  and  from  this  formula  values 
of  C  were  calculated  from  the  observations. 

This  methoti  appears  to  be  open  to  some  minor  objections  in 
that  the  formula  for  determining  A' is  basei'  u|M>n  a  theorv  of 
flexure,  which  although  sufficient  for  manv  pur}H»se8  is  never- 
theless only  approximate,  and  it  is  well  kliown  that  values  of 
A' obtained  by  flexui-e  exi^riments  in  this  manner  often  differ 
from  the  values  of  E  obtained  by  direct  compression  experi- 
ments by  not  inconsiderable  amounts. 

Further,  iii  ex^wriments  upon  the  deflecticui  of  Iwanis  cut 
from  rocks,  it  is  difficult  to  olttain  consistent  readings  Imcause 
of  the  time  effect  of  the  loading,  and  this  difficulty  is  noticed 
in  the  paix,>r  cited. 

Experiments  on  the  determination  of  the  elastic  constants  of 
rtx'ks  when  subjected    to    twist    were  also  found   tt>   be    fre- 

*  Elastic  ConstantB  of  RookH  and  the  Velocity  of  Seismic  Wavw  H  Vau- 
aoka.— Phil.  Mag.,  vol.  L,  UWO,  p.  53.  -      •  -  -» 


OS        Ailiimx  nmi  Vnkrr — KJantii'  CoiiHtahtti  of  Iiofl'i>. 


IMi'iitly    uiiHiitisfactory   owing   to    tlie  low   ultimate  t^liearing 
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vahii'  of  irmiiv  rod 


Wliik'  11  fjhmct'  nt  tlie  list  of  nx-kx  wliose  elaKtic  t'oiistaiiti* 
liiivc  Iwcii  incHsiiriHl  liy  Nagaoka  will  at  once  show  that  most 
of  tli<iii  are  roc'kt*  wliose  elaKticity  must  he  of  a  very  imperfect 
kinil.  e.   fj.,   weatlieretl   eiay   slate,   sclmlstein,  tuff^    etc.;   tlie 


I'thod    which    he    hi 


iployed    for    the   deter 
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matio 
1  oiin;r  s  mommis  j;ives  very  low  results,  even  in  the  ciwe  of 
locks  such  as  mariile  and  fjniiiite,  where  the  elasticity  mifjht 
hi!  supposed  to  he  of  a  liijjli  order  and  e(»mpamhle  to  that 
which  thex'  rocks  are  shown  to  |)ossess  in  the  ea«e  of  the  tv|)es 
M'lected  for  iiivcstifjatioii  in  the  present  pa|H.'r.  This  is  seen 
in  the  followiiijf  fifiiires  representin<;  the  values  ohtained  l)y 
liitii  for  each  of  the  marhles  and  ijraiiites  contained  in  his  list  : 

Paleozoic  Marble  :  E  (Youiik'h  miMliiIus). 

No.    llA .    10,120,00«) 

11 15 7,950,000 

1 2  A 5,440,000 

I  ^B 4,770,000 

nrnnite 

No.  •!!»  (Shodoshima)    0,140,000 

OH  (Hitachi) 2,H5:J,000 

"I  (       "      ) •.',175,000 

50  (        "       ) 1,588,000 

52  (       "      ) :t,265,000 

Of  these,  marble  No.  11,  if  a  mean  of  the  two  readiiiffs  be 
tjiken,  has  about  the  same  mo<iulns  as  the  average  of  those  on 
our  list,  while  No.  12  is  very  much  lower.  The  highest  value 
given  for  any  granite  in  Nagsioka's  list,  viz :  No.  o!».  is  some- 
what higher  than  that  of  the  lowest  of  the  granites  in  our 
series,  that  from  Stanstead.  The  other  granites  examined  by 
Nagaoka  have  values  for  JB' assigned  to  them  which  are  so  low 
that  they  are  comparable  only  to  that  of  the  sandstone  in  our 
series.  Of  the  three  sandstones  inclnded  in  Nagaoka's  list  the 
Iziinii  sandstone  of  the  Mesozoic  has  modulus  of  1,322,000, 
while  the  other  two,  which  belong  to  the  Diluvium,  have  values 
for  Ei<i  oS7,500  and  583,000  resj)ectively. 

And  so  when  an  attempt  is  made  to  calculate  the  cubic  com- 
piession  (/>)  from  the  values  given  in  Nagaoka's  list  and 
obtained  by  his  method,  it  is  found  that  a  negative  value  is 
actually  obtained  in  about  one-third  of  the  rocks  which  he  has 
examined.  His  figures,  however,  were  intended  chieflv  for  the 
purpose  of  calculating  the  velocity  of  the  pro})agation  of  earth- 
quake slMK'ks. 

In  conse(|uence  of  a  number  of  somewhat  unsatisfactory 
results  obtained  by  the  writers  in  some  preliminary  experiments 
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witli  tliin  iiiftluKl,  HK  w«'ll  iih  till'  fact*  witli  rupml  to  N'HUB.ika'i. 
%nrcri  juitt  iiictitii)iuH|.  it  whk  deciilt'd  t<>  atlopt  a  M>iiiuTiHt  ilit- 
fcrc'iit  iiivtiKKl  uiiii  one  wliirh  nvoiileti  Uitli  torsion  ami  Hi-xurt' 
ami  depfnded  simply  on  Ktrain  |ir<M]iuH><l  liy  ^iin|ilt>  coniiiri-SHivt- 
tivam.  This  will  ia-  ti>riH(><l  the  "  Mftluxl  of  f>iinple  ('oin|>iv«- 
KJon."  Anion);  the  |H>8i«il>le  indireet  iiii-thods.  thi>  weiiiii  to  Ik? 
the  most  (tHtisfaetory,  since  the  a-siiiiiptionH  necessary  in  the 
cak'nJHtion  of  coiiipressihility  are  reduced  to  a  iiiinininni,  and 
the  ranjrc  of  stress  for  which  the  nui.>  of  stress  to  strain  is 
l»ractically  constant  is  great. 

It  was  found  jKjssilde  to  measure  the  sti-ain  ohtuined  vcrv 
accurately  liy  means  of  an  apparatus  forniiiij;  part  of  the  e<|ui(V 
meiit  of  the  testiiij;  lalM)ratory  of   Mc(iill    I'liix  ersity,  for  the 


Fio.  1.     Instmnient  for  (tetemiiniuK  the  iiKHliilnH  of  ti  Hiiu|)lc  strain. 

use  of  whidi  we  are  indebted  to  Professor  II.  T.  IJovey.  This  is 
an  iiistniineiit  desijined  l>y  Professor  Ewiiiff,  and  of  wliicii  a 
sketch  is  jjiven  in  fiprire  1.  In  this.  .1  is  a  siM>ciineii  of  the 
rock  f^ripjH-'d  by  screws  passing  tlirough  a  ]>air  of  collars.  J{, 
which  are  1-25  inch  apart,  to  which  latter  metal  rods,  T,  are 
attached.  The  upper  rod  carries  a  glass  plate,  />,  with  a  tine 
line  scratched  upon  it,  the  position  of  which  can  be  adjusted 
by  a  screw,  E,  while  the  lower  rod  carried  a  microineter-niicro- 
scojH?,  F.  The  upper  and  lower  <'ollars,  li,  arc  connected  by 
a  stud,  (i,  the  upper  one  engaging  with  the  conical  hole  of  tlie 
swivel  piece,  //,  in  the  lower,  and  contact  is  maintained  by  a 
spring,  I,  while  the  weights  of  the  niicroseo]»e  and  |)rojecting 
arms  are  balanced  by  lea<l  cylinders,,/.  A  buzzer  was  attachwl 
to  the  upper  lead  cylinder  which  when  operated  caused  a  slight 
vibration  in  the  instrument,  producing  a  perfect  adjustment 
as  the  pressure  was  applied. 

The  proportions  of  this  instrument  were  so  adjusted  that 
one  division  on  the  micrometer  scale  corresponded  to  .jo^nft 
of  an  inch,  and  Itefore  using  it  the  iiistrument  was  calibrated 
by  aid  of  a  Whitworth  iiieasuriiig  machine  and  was  found  to 
lie  in  correct  adjustment. 
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The  linear  strain  |>erp<>ii(li(  iilar  to  the  li-rifrth  of  tlio  xpeci- 
men  u-itx  nieoMnrutl  hy  an  iiiHtrunient  which  had  been  deHigned 
hy  E.  <t.  ( '((ker  Ronio  time  previously  for  experimentH  on  the 
lateral  strains  develo|>ed  in  metal.*.*'  Thiw  in  shown  in  %ure 
•I,  and  <-oii»istH  of  a  pair  of  l»ra»H  tulics,  /f,  R\  provided  with 
Hct  screws,  J.,!',  for  attachment  to  the  specimen,  and  con- 
nected tojrether  hy  a  flexible  steel  plate,  /',  forming  the  ful- 


Flo   2.     Perspective  view  of  lateral  extenHometer. 

erum.  The  end«  of  the  tubes  near  the  fulcrum  plate  are 
pressed  apart  by  an  adjutitable  sprinj,',  ,S',  to  insure  a  uniform 
pressure  on  the  screw  |M)ints  j;ri|jpinjjr  the  sjieeimen.  Un  the 
opposite  end  of  one  of  the  tul)es  is  a  spring,  />,  of  ebony  press- 
ing.' ajjainst  a  double  knife-edge,  K,  seated  in  a  shallow  V- 
iiotch  cut  in  the  end  of  the  other  arm.  The  knife-edjie  car- 
ries an  adjustable  mirror.  J/,  so  that  if  any  change  in  the 
diameter  of  the  sjiecimen  occurs  the  two  tubes  move  relatively 
to  one  another  in  a  horizontal  plane,  therebv  causinij  the  knife- 
edge  mirror  to  rotate ;  the  rotation  of  this  latter  is  observed 
and  measured  by  a  telescope  and  scale  placed  at  a  suitable 
distance. 

For  convenience  in  adjustment,  there  is  a  screw,  Z,  for 

tilting  the  apparatus  about  the  axis  of  the  gripping  screws, 

and  the  tubes,  /A /jf',  aiv  tmsse<}  to   prevent  vibration.     This 

instrument  was  calibrated  by  aid   of  a  Wliitworth  measuring 

•See  Procee<liuK8  Royal  Soc.  Eilinbnrgh,  Se«»ion  1904-5,  vol.  xxv,  pt.  vi. 
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iiiHcliino  nnd  tlit*  M-uk>  Hiiju«tt*«l  mi  that  one  iiivii«ion  c«>rre- 
opotHled  to  one  inillionth  of  an  inch. 

ApplieatioH  of  the  Mrthi  il  of  Siin/tle  Vomprtt»ion  to  thr  t>r- 
ttrminiition  of  thf  t'lthie  ('omprt»»ihility  of  Mrtnli, 

The  liehavior  of  such  nietal«  as  wrou^lit  iron  ami  Htwl  over 
a  wide  ran^ro  of  Htrer*  showi*  tliat  thetue  tnetaln  may  he  eon- 
(♦idennl  m  almost  jwrfeetiy  ehistic.  The  rei»iilti»  of  tlie  tiieorv 
of  ehtHtie  iMxIieH  may  therefore  Ih'  a|)|ilie(l  in  tlieir  eaiH««  witli 
great  eonfiilenee. 

Alt  a  typical  ex'Mipie  of  tlie  U'liavior  of  Mich  materiiilH  we 
may  eon^iider  the  <lepi>rtment  of  a  »|>eeimen  of  wrought  iron 
when  8uhje<'te<l  to  a  eyelc  of  eompr»>«si(»ii  HtresMes.  commencing 
at  l,<MMt  |Mmn(i8  and  rising  to  !>,(KMi  iHtiindH,  afterwards  re- 
turning to  the  original  ioail.  The  readini^  ohtained  for  the 
longitudinal  and  lateral  .ttraiuH  will  hIua-  in  such  a  case  that 
e<iH8l  increments  or  decrements  of  load  iiroduce  strains  which 
are  very  exactly  pro|M>rtional  thereto.  This  is  clearly  shown 
in  a  plot  of  these  readings,  where  the  ordinates  represent  the 
total  load  and  the  ahscissa^  represent  strains.  In  hoth  cases 
the  relation  of  stress  to  strain  is  represented  hy  a  straight  line 
returning  u|)on  itself.  Traces  which  vary  hut"  very  little  from 
the  ideal  straight  line  are  given  hy  hlack  Holgiaii  mariile,  as 
will  be  seen  on  pagi-  114. 

Such  results  afford  ati  arbitrary  standard  l>y  which  can  he 
indeed  the  degree  of  approximation  to  |)erfecr  elastieitv  ex- 
hihited  hy  other  metals  and  l>y  nx^ks  under  similar  conditions. 

If  we  now  calculate  the  value  of  the  modiilur'  /.'for  simple 
compression,  since  this  is  the  relation  oi'  the  compression 
stress^*  to  the  strain  e,  we  have 

p—Ee. 

If  we  call  A  the  cross-sectional  area  of  the  specimen  when 
stressed  hy  a  load  P,  and  .>•  the  decrease  of  length  over  a 
ineasureil  length  Z.  grippe<l  between  the  screw  jM»ints  of  the 
measuring  apparatus,  we  obtain 

xA 

which  in  the  ease  of  a  specimen  of  wrought  iron  examined  for 
a  range  of  8,000  pounds,  gave  a  value  of  2S,loo.tM«i,  the  units 
being  jwunds  and  inches. 

The  ratio  m  of  the  longituilinal  strain  to  the  lateral  strain  in 
the  same  case  was  3*6r>,  and  using  the  form'ila 
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we  olitaiii  fur  the  iiiimIiiIiia  of  ciilticHl  ooiiiprciwion  (or  hulk 
iiukIiiIii*;  Ik  flif  vi(liH>  2l.."{tM».iMM»,  a  coiiKt^iit  for  tlio  iiiHtiTiul, 
t!ii'  ri'(i|»n«'al  of  uliicli  j^ivt-s  tlif  (Iwreaft'  in  volume  <»f  t 
iMiliic  iricli  for  I  |mmiiii1  of  |)ri>t<Hun'. 

\Vliil»M'frtain  rtK-ks  Mich  hm  many  of  the  niarhh'H,  have  a 
strut-tun-  iiU-nti(-al  with  that  of  wrou^fht  iron,  nioMt  uf  the 
riM-kc  ciinRtitutiutr  tin-  i-arthV  c-ru»t  are  coiniHwetl  of  M'veral 
niiui-nils  ami  tliux  rather  rrM-iiil*le  t-ai«t  iron  in  «'h8rHPter.  the 
^Tav  variit.v  of  thin  Hul»>-fani-r  l>einjj  an  a^^jjrejfate  of  ervctalu 
or  iniliviiiuali>  of  the  nii'tai  iron  (wroiijjht  iron),  ^ra|ihit)',  etc. 

It  will  therefore  lie  of  interest  to  HM-ertain  how  a  s|H'<-inien 
of  ei'^t  iron  hehaveN  under  coni|ir(-r'>ion  stress,  and  how  far  its 
elii-ticity  falls  short  of  that  which  would  he  exhihittd  l»v  a 
|>erfeclly  elastic  ImmIv. 
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Vw.  !{.     C'«»t  irun  Rtrfw  Htrain  ciirvt-B. 
For  this  |)ur|)ose  a  tine-}frained  KiH'cinien  of  somewhat  hard 
cast   iron  \yas  faced  and   tested.     The  stress  strain  curves  are 
plotted  in  fifjure  :{.     I  represents  lonjritudinal  compression  ami 
II  lateral  exteni^ion. 
The  hehavior  of  east   iron  as  exhihited   h.v   these   experi- 
mental   results    shows    a    fallinjr   away    from    the    theoi-etical 
^tal:(la^d  of  [verfect  elasticity,  hut   even   ii.   the  most  perfectly 
elasti.-   hodies   there   is   prohahly  a  slijrht  hysteresis  effect,  m 
that  we  are  justified  in  Usinj;  the  results  ohtaincd  to  calculate 
the  modulus  of  eompressihility,  if  the  error  introduced  therehv 
is  ne;:lif;ihle  or  very  small. 

It  may  he  pointetl  out  that  this  method  and  others  of  the 
indirect  type  have  I.een  freely  used  to  ohtain  values  of  the 
hulk  modulus  for  cast  iron  and  metals  of  like  character,  and 
it  will  he  shown  that  the  comjiosite  crystalline  rocks  are  very 
similar  to  cast  iron  in  their  hehavior' under  stress,  although 
generally  more  perfectly  elastic. 
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Api^lSeiitSiin     of    Ihr     yftlho't    nf    SimfJr     Citiit/iriiuitni     to 
iMrrmimUiitH  of'  thr    (jotoftrtiuiihHUy  iij    Rofk*. 

Am  liHi*  iMtni  iii>t«><i,  it  WHN  foniiil  in  tin*  c.  o  of  ninrlili*  wlu'ii 
miiIijccUmI  til  IhmkUii);  HtrcHu,  tiiiit  tlip  xtrHin  iio  «*\liil>it*><|  Itv  tlu* 
ik-Hfctiiiii  of  H  |M)iiit  of  the  liur  iticrfii.Hi-i«  with  tlif  tiiiif,  anil 
till'  xtrciiiftli  iiiui'T  hlicar  priHliu-t'tl  l>y  a  tHri|iii>  ww*  iil-o  mi 
otiiall  that  a  (li-toriiiiiiatioii  of  the  Htriiiii  wa^  verv  ilitKc-iilt  to 
iiii-a^nrt'. 

Tln'»i'  ilittidiitii'K  iiuve  iMfTi  iiotcij  l»y  Najranka,*  who  -tatfi 
that  "  I'ri'limiimrv  ox|H.'riinfiit»  on  ){ranit»'  rdiowtij  th.tt  Hool<i''>. 
hiw  tl<H'»  not  iiohl  fvtMi  for  vcrv  small  tlt'xnri-  ami  torsion,  and 
that  tin-  affiT  ctTtH't  is  v«»rv  consiiicraliU!  wlu-ii  tin-  prism  i» 
sntticij-ntly  loa«l«'il  or  twisted  ;  tht'  deviation  from  the  direj-t 
pro|Mirrioimlity  between  strain  ami  stre»s  was  ineomparalilv 
'4;re!it  us  coinpiired  vith  tlmt  observed  in  enniinon  metnis. 
Tliis  musl  1.L'  clii.'rty  due  to  ilie  low  limit  of  el»»tieitv.  -o 
that  it  is  no<'es(«arv  to  exm-riment  only  within  narrow  liniit>t 
of  loadin;;  and  twistin<;.  TheMe  limits  are  widely  tlilTereiit  for 
ditTerent  s|H't'imens  of  roeks,  and  the  niodulns  of  elasti<-itv  as 
well  as  tiiat  ot  rijjidity  was  always  determined  with  siudi 
stresses  as  will  appr  ixiinately  priMliiee  strains  proportional  to 
tliem.  The  deviation  from  llooke's  law  was  prominent  in 
feitain  spej-iinens  of  sandstone,  and  it  was  more  marked  in 
torsion  than  in  flexure  experiments;  in  certain  nwks  it  is 
indtifd  douhtfnl  if  Hnythin;;  lik*-  a  proportionality  lietwe<'n 
stress  and  strain  eaii  he  found,  even  for  extremely  small  ehanj;*' 
of  sha)K>:  on  releasinji  these  nn-ks  from  stress  the  return 
toward  the  former  state  is  extremely  small,  slio\viiij»  that  the 
elastieity  of  the  nn-ks  i«  of  very  inferior  order." 

If,  however,  the  roek  he  siilijeeted  to  direet  eoiupressioii, 
strains  in  whieh  the  time  effeet  is  small,  ami  the  lai;  of  the 
strain  is  also  small,  are  almost  invarialily  ohtained.  This  is 
esjHM'ially  the  ease  if.  before  the  aettial  experiment  is  carried 
out,  the  material  lie  several  times  »ulijeeted  to  a  ranjje  of 
stresses  at  least  as  j^reat  as  those  employed  in  the  experiment 
itself.  This  preliminary  stressing;  hrinjjs  the  material  to  u 
"state  of  ease,"  anil  is  als<i  commonly  a<lopted  when  the 
clastic  constants  of  metals  are  determined. 

It  is  evident  therefore  that  this  Direet  Cainpression  .Method 

may  with   contiilenee   be  applied  to  the  mea-turement  of  the 

cubic  CKiFipression  of  rocks.  althou;fh   as    mentione  I  b  -1  iw  the 

accuracy  of   the   results  oiitainel    will    ditfL-r    witli    ditTfrt-nt 

classe-i  of  rocks.     If  tliL'   r.)ek-i   hi  massive,  c:imp:i'.'t  nn,l  crvs- 

talline  (or  jjlassy"),  the  method  can  b? safely  einploved  ami  ir.md 

result-i  will  be  obtaineil.     If.  on   the  other  hand,  the   rock   i> 

•  Glostic  CotiHtantH  of  Rin-ks  and  the  Velocity  of  Heisiuic  Wiives  ;  NaKaoka, 
H.— Fhil.  Mag.,  vol.  l,  ItfOO,  ji.  .W. 
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scIiiHtose,  ponnii.  or  l<M»s«ly  (•(•lierent.  the  metliofl  will,  from  the 
nature  of  the  ease,  he  very  much  less  satisfaetory. 

Tlie  ]>hjtoiiic  ifjneoiis  roeks  aw  a  elasM  most  nearly  resemhle 
the  metals  in  stnieture,  heinjj  holoorystalline  and  in.issive.  and 
therefore  j)resent  tlie  nearest  approach  amonjj  rocks  to  perfectly 
elastic  bodies  :  they  are  therefore  a  class  of  rocks  to  which  this 
method  is  especially  applieahle.  It  fortunately  hapi)ens  that 
(hey  als(»  form  a  class  of  rocks  a  knowledge  of  wliose  com- 
pressiltility  is  of  sjiecial  inn^jtance  for  the  elucidation  of 
■reolo^ical  prohlems,  constitutmg  as  they  do  the  greater  part  of 
the  earth's  crust. 

A  secoTid  class  of  rocks  which  are  comparable  to  them  in 
thei.  approach  to  perfect  elasticity,  comprises  the  marbles  and 
certain  limestu?ies. 

A  series  of  sixteen  typical  rocks  representative  of  these  two 
classes  were  accordingly  selected  for  meiwurement :  under  the 
first  class  a  number  of  granites  were  chosen  as  representing 
the  acid  i)lutoiiic  rocks,  and  a  number  of  types  of  the  gabbro- 
essexite  series  were  selected  as  representing  the  l)asic  plutonie 
rocks.  In  nil  cases  great  care  was  taken  to  choose  the  most 
homogeneous  and  massive  rocks  of  <Mch  series,  and  to  secure 
test  pieces  free  from  all  Haws  and  cracks.  As  representinir 
the  second  class  a  number  of  typical  marbles  and  lime.-tones, 
also  perfectly  niassive  in  character,  were  selected.  For  pur- 
)oses  of  comparison,  or  contmst.  a  sandstone  was  added  to  the 
ist  as  being  a  rock  which,  on  accountof  its  more  or  less  porous 
nature,  could  hardly  be  exiKJcted  to  vield  satisfactory  results 
by  this  method. 

An  examination  of  the  stress  strain  curves  of  these  16  rocks, 
omitting  the  sjmdstone,  shows  that  on  the  average  they  possess 
a  rather  more  perfect  elasticity  and  exhibit  less  hysteresis  than 
cast  iron.  Some  of  them,  as  for  instance,  the  Baveno  granite, 
the  nepheline  syenite,  the  diabase  and  the  black  Belgian 
marble,  show  much  better  curves,  approximating  in  fact  to  the 
straight  lines  given  by  wrought  iron,  which  may  be  considered 
tor  our  present  purposi'  as  expressing  perfect  elasticity. 

The  close  approximation  to  perfect  elasticity  is  shown  by 
the  return  of  the  curve  to  its  initial  or  starting  point,  and  the 
.ini.nint  of  the  hysteresis  is  shown  by  the  width  of  the  loop. 

The  width  of  this  hysteresis  (or  lag)  curve  or  loop  indicates 
the  lunount  <>f  the  divergence  from  Hooke's  law  which  the 
inaterial  exhibits— this  law  being  that  the  stress  and  strain  are 
ihnrtlij  jiroportional.  When  the  curve  is  narn.w,  as  it  is  in 
all  cases  except  the  Stanstead  graiute  and  the  sandstone,  the 
divergence  from  Hooke's  law  is  not  great  enough  to  seriously 
affect  the  result.  '  ^ 

The  rocks,  therefore,  with  these  exceptions,  fulfil  the  cotidi- 
tions  of  elasticity  necessary  to  the  successful  applimtion  of  the 
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inetlKKl.     In  these  two  ctwew  tlic  resnlts  are  \em  eertaiii  owiiijj 
to  the  greater  hysteresis  of  tlie  roek. 

It  might  at  first  sight  appear  that  wiiiie  the  method  em- 
ph>yetl  is  tiieoretieallv  jn'rfect  as  ap|>liefl  to  the  iiuwuremeiit 
of  tlie  compressiliility  of  vitreous  nn-ks  and  of  verv  tine-gniined 
crvstailine  r<K-ks,  a  eonsi<U'ral)leorror  migiit  he  intnxiuei'd  when 
the  r(K'I<s  are  coarser  in  grain.  In  tiie  case  of  all  the  common 
crvstailine  rocks,  tin-  imiividnal  Kraii>«  of  which  the  rtn-k  is 
c<im|v»st>(|  are  anisotropic,  that  is  thev  have  different  moduli 
of  elasticity  in  different  directions.  In  massive  rocks  «uch  as 
those  investigated,  however,  these  grains  iK-cur  in  the  rock 
with  an  alwolutely  irn-gular  orientation  an<l  would  in  the  case 
of  a  fine-grained  rock  mutually  coniiH-nsate  for  one  another  in 
any  transverse  line  along  wjiich  the  expansion  of  the  rock 
nnder  compression  might  Ik;  niefusnred.  If.  however,  the  lock 
were  coarser  in  grain,  fewer  in<lividmd  crystals  would  1k"  found 
in  any  transverse  line  of  section,  and  there  might  |M.ssihlv  in 
this  way  \w  lack  of  eonn)eiisation,  as  the  rock  in  one  sectiitn 
might  he  comj)osed  of  grains  whose  axis  of  greater  elasticity 
approximated  on  an  average  !nore  nearly  to  the  direction  o"f 
measurement  than  in  other  sections.  If  .such  were  really  the 
case,  there  should  he  in  these  coarser-grained  rm-ks  aji  excep- 
tionally great  variation  in  the  readings  ohtained  from  different 
specimens  of  the  same  nn-k,  as  well  as  from  the  different  sec- 
tions in  the  same  spe<Minen. 

But  such  is  not  the  case,  as  will  he  seen  hy  an  examination 
of  the  figures  in  the  accompanying  tahle.  These  represent  the 
results  oi)taine(l  from  ten  measurements  of  the  compressiliility 
of  Baveno  granite,  which  is  coarse  in  grain,  an<l  ten  «i  Sud- 
bury diabase,  which  is  very  fine  in  giiiin,  together  with  eight 
measurements  of  Tennessee  limestone,  wliich  is  rather  coarse 
grain,  and  seven  of  plate  glass.  They  were  made  in  each  case 
on  two  or  more  specimens  cut  from"  the  same  mass,  and  the 
measurements  of  the  expansion  were  nnule  on  several  different 
planes  through  each,  so  that  in  every  ca.se  the  mejisurement 
was  effected  in  a  different  line  through  the  rtK'k,  all  of  these, 
however,  of  course  being  at  right  angles  to  the  direction  of  the 
compressive  stress  and  lying  in  the  medial  plane  of  the  column, 

Miiximnm.        Miniiunm.         DiffiTriicc 
Baveno  granite  (coarse),  10 

l'''»'>' 4,H8(i,ou(i       4,:«w,000         500,000 

Sudbury  diabase  (very  tine), 

lOtrialH * 11,170,000       0,653,000       1,515,000 

Plate  gla.sB,  in  trials  : tt,9;io,ooo      «,0'.'o,ooo         Qlo.ooo 

Tennessee  marble  (rather 

coarse),  7  trials (!,1.^0,000       3,770,000  .'JOO.OOO 

It  will  thus  Iw  seen  that  there  is  no  corresiMuidence  l»etween 
the  eoai-scness  of  grain  and  the  magnitude  of  the  variations  in 
the  readings  obn»ine.!      The  differences  in  glairs,  which  is  an 
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l< >«!       A dami'  <„u1  Col;,-- Eluslle  Countants  of  Rork». 

i.-^.tr..,,i,.  .natn-ial  i„  Mhid,  the-  olasticitv  is  tH,unl  in  all   (lin-e- 
t...n..  an.  ^reatrr  ,lm„  i„  the  Tonno^.e..' .narl.li,  wind.       rX'r 

'..-1^    .t  thj.  «<.  .     J  la.  ;:,vatc.st  ,liirert..u-cs  ..htaii.e.l   aiv  tl.,le 
...un.h,.  the  tinest-^rained  n-.-k  i„  ,1...  scries,  vi..,  the^Ldl!;;:; 

If  is  evident  tlu-refure  that  the  .litfen-nt  .Mo.lnli  of  dastieitv 

entUe'lT      ■'■'■'  ^'""'^  "^  "  '"'•'^  *'"  ""^   '■"''•"•'"<-^'  «"v  per- 

.■       .  .■  error  ,n   n.easnren.ents  n.a.Ie  l.y  this  „,etho.|.  when  a 

colnnM.  an  in.-h  ,n  -lian.eter  is  en.j.lovell.  an.l   when   the  ro  k" 

"7'""" ••-•';   '"  f.-'-ai"    than    the   Jkveno  jjranite      I,.       .t 

when  snrro„n.le.     on   all   sides   |,v  other  f.rah.s.  „     i,„  "v,-      .  j 
^ra.nean  c..x,,an.      reelv,  as  it   would  if  sul.jeete.l   to   •  ,      r 
s.on   nnl,a,M,.ered  l,v  anv   snrronn.linj,  n.edinn,.  and    th     '  the 
ams,.fro|,M.,.haraeteroftlu.i,,divi,lMaU.n,insp.     ,„ee    I        ittk 
Hr..f-t  on  the  elastH-ity  of  the  roek  as  a  whole 

1  lH"«e  expen,,  „ts  also  show  that  in  the  ease  of  roeks  eoni- 
osedotsevera  nnnerals.it  n.akes  no  pereeptihle  .liffere  ee 
he  her  the  points  ot  at.adnnent  of  the  instrun.ent  are  e m- 
I'  hl.-.i  m  the  ^.ra.ns  ot  one  n.ineral  or  of  another.  The  d  ief 
sreeo  error  and  the  one  to  whieh  the  variations  o  s^.  ved 
...  ■  for  the  most  par  to  he  attrihnted.  seems  to  he  a  n.ed  a, 
;j.l  ....t-.  v....  the  d.tKenltv  of  ^.ettin,^  an  idealeontaet  Ik wc" 
these  points    ot    attaehn.ent    and    the  sm-einien    esncdall  • 

nulnlir  ^'"■"'"'^  ^"""  '"'"^"^'""^  '  ^  ^'-  '^^^'^i  I'e 
The,p.estion  of  the  inHnenee  of  temperature  on  the  elasti- 

•  t.N  and  eompressilnhty  of  roeks  is  of  Vaurse  one  whid  has 
'"""!1-  'i-tant  heannjron  certain  prohlems  of  .a^ophvs^cs  The 
...  V  .nve^,.at,on  of  this  suhjeeV,  so  faras  e;;;.  lie  J:^StaiSr 

,Y,       V       •        V        "  ''"'  ^"'■"""  "'*'f''»^l  wasemploved   and 

m   ;    r  Se^^'Tr"   "'  ^-"1--^"-'  i-  e.,  alxliit  0-5    "i! 
with  the  iere    f  '"  ""'"  '"'■"'^'^"^''•'  "^^^^'^-^''Hrilv  .lin.in  sh 

«.  II  t(.    .n..,ease  ot  tempt rature  where  the  temi)erature  is  low 
I.  e..  It  is  maxim.ini  ahout  i»°  ('  "  '  ' 
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flircft  and  simple  iiK'tluHl  wliicli  lias  liccii  ciniiluveil  in  tiic 
prc'r.ciit  jm|ii'r.  These  results  heHriiij;  on  tlie  vitriiitinn  <it'  ela»ti- 
eity  iiuliU'etl  l>y  eliiiiiires  of  tein|K>nitiire,  es|ieci!illy  in  view  of 
tlie  fact  that  tliev  lire  stated  iiy  the  investigators  to  he  "  pre- 
liminary," j-an  Hs  yet  hardly  he  taken  as  of  yeiu  nil  a]>plieation 
to  all  ro<'ks,  even  if  correct  for  the  specimen  of  sandstone 
examined.* 

Ill   oiir  own    investi-iatioiis  the   lahoratory    was   maintained 

lit  a  temiH-ratnreof  fi i  li".    to  tis°  I-'.  ( IT'-'''  ( '.  to  L'n  '  ('.),  and 

a  !  loroii^h  inv(>tij;ation  into  the  effect  of  temperature  was 
Hot  undertaken,  as  this  would  he  very  ditKciilt  to  carry  out 
when  enii>loyinfr  the  method  of  direct  coiii|ires>ion  hmmI.  the 
diliieulty  consistiii<j  in  lieatin<r  the  s|M'cime!i  itM-lf  wirhoiit  in 
any  way  att'ectiiiij  the  measurini;  apparatus  attai'hcil  to  it. 

It  seemed,  however,  possihle  toa>certaiii  whether  any  serious 
(•liii-iife  in  the  elastic  constants  of  the  massive  crystalline  rocks 
eniploye<l  in  the  present  investitration  would  roiilt  from  a 
nil  derate  chanjre  <d'  temperature.  l'"or  jmrpivses  of  trial  the 
rocu  selected  was  the  Siidhnrv  diahase,  a  typical  line-drained 
plutonic  rock.  A  column  of  it  was  placi'd  hy  Mr.  Mclvertrow 
in  a  small  tustinj;  machine,  havinjr  a  capacity  of  .■>(!  tons,  and 
the  tem|»eratiire  of  the  room  in  which  the  machine  was  set  up 
haviiii^  heeii  lowered  to  +ln^  F.  a  cycle  of  com))ressioii  read 
injjs  was  taken  in  the  usual  way  adopted  when  ^'oun;;'s 
iikkIiiIiis  is  to  he  determined.  The  teni]>eratiirc  of  the  room 
was  then  raised  hy  ahoiit  10°  and  another  cycle  of  readinjfs 
was  taken.  It  wa**  then  raiseil  another  lo^  and  a  third  series 
of  reailings  was  ohtaincd,  and  so  oii  through  suc(;essive  sfap-s 
of  10°  until  the  normal  temperature  of  the  room  (ahoiit  li.'i '  F.) 
was  reached.  The  initial  readiii';  of  tin-  instrument  hefort' 
the  application  of  ])ressiire  was  of  course  different  in  each  case, 
owinj;  to  the  expansion  of  the  rock  which  followed  from  heat- 
iiijj.  These  initial  points  were  plotted  on  a  line,  and  the 
results  ohtained  when  tlii^  >peeimen  was  suhjeoted  to  a  certain 
niaxiinum  load,  to<iether  with  the  incn-ase  of  tempt'ratu.e  at 
each  stajre,  were  }tlotted  on  a  second  line.  If  the  compression 
""  than  at  Kt"  for  the  same  load,  these  two 
liverjjed,  hut  as  a  matter  of  fact  tiiey  were 

*  In  two  very  intercHting  papen*.  re oeiveil  wliilf  the  prfsent  ixiix" r  wiis  in 
preHH  (Mtxlnliu  of  iCIastioity  of  Roiks  and  somn  inferencfH  rclntiii^;  to  S»'i»- 
molony,  Jounml  of  College  of  Soiem'e,  Iui])eriitl  fnivcrnity  of  Jiipnii,  vol.  xx, 
article  9,  tSKW  ;  and  Kiiif tie  MraHurementH  of  tbe  MiKlnlns  of  Klunticity.  etc., 
ditto,  vol.  XX.  article  10, 190.5),  KuHakKlxi  hIiowh  that  the  presenile  of  inoiHtunt 
it)  a  rook  hasa  very  marked  intlueuce  in  diniiniHhiii'^  its  iiKHluhiHof  elasticity. 
Thin  inflaence,  he  haa  aKcertaiiie<l,  ih  very  much  more  pronounced  in  the  cane 
of  |X)ron8  rocka— such  im  sandstone — which  absorb  a  large  qnitntity  of  water, 
than  in  the  onae  of  the  compact  crystalline  rjckx.  He  MUggeHts  that  the 
effect,  which  in  the  paper  above  inentioned  waa  attributed  to  heat,  may 
really  be  dne  to  the  presence  of  mointnre.  He  in  now  engaged  in  inveatiga- 
ting  the  inflnence  of  moiHtnre  combined  with  a  high  temperature  upon  the 
modnlua  uf  elasticity  of  various  rucks. 
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1".S       A</.fw.  ai,d  Cohr-~El,iHt;c  Cou.tantH  of  RtH-kx. 

I.n.<.fi,.Hllv  panillel.  The  .Iiffer,.,i,-es  |,,.f«-ee„  the  re«.lin.,s 
^'.ven  hv  the  sH.ne  loa.l  at  ,litr..,VMt  te,n,..Tat„ro.s  v"n.  .m 
j:rc.Ht..r  than  those  ol.taine.l  i.v  .lifferent  ...Lur  ■  ,e„,s  .'mler 

to.e  -eeins  t..  he  m.l„,ite.l  that  a  .-haii^re  „f  temperature  nia.le 
";•  l"<;-.'|»t/  'I-  -l./rerenee  u-ithin  the  raT.^re  of  ten  per       x-    e  ' 

<  .■nt,:;ra.h.  wn„|,|   „k,,„   .,  ,|ifferen.-e  ..f  ah,„it  L>.-,  per  ee„t     n 
nn.;eutte,n,,erature,.n,plove,lI.v  Mr    :.„.Iver;,:w ' 

\\  hile  therefor,,  this  experiment  eaiinot    he    eonsi.lered   as 

supplv.njr  aeenrate  .nforn.ation  eon<.erninir  the  effeet  pro,    ec5 

p  HHo  „.   t,.n.perature  on  the  elastic  n.nsta.it^  of  ruek     for 

tia.  .Mstr„n.ents  then.selv,.   are  in  sonu-   n.,as„r,    atW.'l     J 
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Fio.  4.     S.,„„r.  tent  «,.eei.„e„  ,.f  roek.  F.u.  5.     Roand  t«.t  B,HH-im.n 

in^lu''',^.'e''rr'^*"''''-'''''''''"'''^^'>'"'  tl'e.v  Borve  to  .how  that 
enu^r  t  ;,V;    n   'l  ".T'^"  erystalline  rocks,  the  influence  of 
ttnipor.iture  is  prohahlv  not   verv  jrreat. 

yVie  Method  of  Menmrements. 
In  earrvin;;  out  the  nii'asnrenients,  prisms  of  the  rock  1  nu.l, 
^I..are  an.l  3  inches  l,.n,.  were  usu^llv  en.pl,  yed    see  i" 4  ' 

SXr^ln'M  ""  ^"•""•"1  ,-it''  -"-th  LeshuU^Jfno; 
olishe,!.  1,1  these  txN„  small  roun.l  holes  were  .Jrilled  in  the 
u.,l,al  Ime  of  each  verti,.al  face  for  the  pur,H,se  of  attach  n^ 

the  ms  rument.  when  Voungs  .n.uiulus  was'to  be  n.eSu  «f 
lese  holes  were  ma,  e  hy  „,eans  of  a  snuill  ,iia.nond  ,lrill  a  d 

«ere  ja-rfectly  roun,i  and  smooth.     Thev  were  each  0- 05  t« 


A<hnns  ami  Colc-r — E1n»tii-  Cinisfnittx  of  Uoff.-x.       10',» 


J 


0-OS  inch  in  (liiiiiii'tcr  ami  ol2ri  imii  ,U>v\<  iiml  II'.".  iru-lii-s 
a|mrt,  Iviiiir  at  eiiiml  <n«tancfr.  al«>vi>  ami  1m-1«.\v  tiic  .tiifcr  mI' 
tlie  prisms.  Tliosi- li.dfs  wi-ro  clianifrri'd  at  tin-  ..ntir  t-ml  as 
slii.wn  in  tijirurc  4,  and  wt  rc  f.)iinil  t.«  atToid  tlir  most  iHrtVct 
attaclinicnt  wliicli  cuulii  lie  si-cuivcl  fur  tlir  |>i.ints  ..f  the 
instrnnu-nt. 

By  means  of  tlifsi-  prisms  two  sets  of  mca^iiniiicnts  of  the 
vertical  compression  could  lie  made  with  each  prism,  liv  atfaeli- 
ini;  the  instrument  first  to  one  pair  of  oppo>ite  faees  aixl  then 
to  the  other. 

In  some  cases  rounil  (olmnns  were  Used  isee  ti;r.  ">i.  Tlie>e 
were  approximatelv  1  inch  in  diameter  and  ;i  inches  in  lonjrth. 
^^  ith  these  it  was  possihie  to  make  four  sets  of  measurements 
in  compression  with  each  column,  hy  drillinjj  eiirht  pairs  of 
holes  as  ahove  deM-rihed.  whose  plains  intersected  at  anule-  >>t 
45°  instead  of  !♦(•"  as  in  the  si|in*re  ))risms. 

It  was  of  course  necessarv  in  t-vcrv  ease,  whether  prisms  or 
columns  were  employed,  to  exercise  <;rcut  care  to  have  the  end 
of  the  test  pioees  very  carefully  faced  an<l  ahsolutely  parallel 
to  one  another.  Before  the  actual  measurements  wire  made, 
the  rock  in  everv  case  was  hroujjlit  to  a  "state  of  ease"  in 
the  manner  already  descrihed. 

The  pressure  was  applie<l  in  most  cases  hy  a  lixtfoii  Wick- 
stead  testinK  uiaeiiine,  which  was  so  carefully  adjusted  that  it 
was  sensitive  to  a  load  of  4  pounds. 

The  specimen  liavinji  heeii  placed  in  the  testinsr  machine  and 
hrouj^ht  to  a  stute  of  ease  was  then  afler careful  adjustment  suh- 
mitteil  to  loads  inercasinfjr  in  sueeessi.e  stajjes  of  l.(»uo  pounds 
until  the  limit  of  safety  had  heen  reached,  when  the  load  was 
reduced  succe&sively  hy  the  same  amounts,  accurate  readin>,'s 
lieing  taken  at  each  increment  and  decrement  of  load.  TJie 
maximum  load  employed  in  the  ease  of  most  rocks  was  !).u<lo 

pounds,   equivalent    to    fi i    '.♦,000    imunds   to   ahout   IK.'ioo 

pounds  per  .s(|uare  inch  accordinjj;  to  whether  a  scjuare  or  round 
prism  was  employed.  In  the  case,  however,  of  s(»me  of  the 
stronger  rocks  a  load  of  as  much  as  ''i.ooo  pounds  |)er  s(pniro 
inch  was  employed. 

Ill  the  determination  of  the  lateral  stmin,  which  was  made 
upon  tlie  same  columns  as  those  used  for  measurinj;  the  ver- 
tical coinpressioi),  care  was  taken  that  the  theoretical  conditions 
were  rt>ilized,  and  that  the  material  was  free  to  expand  later- 
ally, a.-  otherwise  the  values  ohtained  for  the  lateral  extension 
would  he  inaccurate.  In  all  cases,  therefore,  the  measuring 
apjmratus  was  set  as  nearly  as  iwssih  npon  the  central  section 
of  tlie  test  piece,  and  the  ends  of  ti.  specimen,  after  heiufr 
ground  smooth,  were  coatetl  with  a  thin  film  of  oil,  so  that  the 
polished  pressui-e  olates  of  the  machine  would  have  ax  little 
tendency  as  possible  to  prevent  freedom  of  lateral  expansion. 
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If  nils  fdiiiHl  timt  flicsf  |>rtK'HUtions  lK'iii<;  ohserved,  tlio  i'.\|>an- 
s'uDt  iit  tlie  I'luis  i(f  flu'  coliitiiii  wan  |)nictifiillv  as  j;ivat  as  at 
the  ctntfr  wliiTf  tin-  iiifasiireiiicnt  was  fakeii ;  the  ditfcrt'iice 
iK'iiif:  so  Miiall  tliiil  ii«>  st-rioiis  discrepancy  was  introiliiccil. 

In  a  nnnil)i>r  <if  cases  accnrato  nicasnivnicnts  were  taken 
ilnrinir  the  siieees>ive  cycles  of  loading  and  iiidoadinjr  to  which 
the  specimen  was  suhjected  in  nnh-r  to  liririj;  it  to  a  state  of 
rot.  These  were  recorded  in  the  case  of  tiie  Hnveno  j;ranitc 
and  ihe  Stansfead  irninite  and  serve  to  show  iiow  thehvster- 
e>i-  ol  file  rock  may  lie  rede  •  d  fo  a  niiniuinm  l>y  siiitjectinj^ 
flic  fcsf  piece  to  this  fre.ifmcnf.  The  mcasurenieiifs  of  eaeli 
cycle  n>ua!iy  occnpied  from  ft'ii  lo  fifteen  minutes. 

In  tile  <-ase  of  a  majorify  of  the  rocks  investijrated.  a  nnm- 
lier  of  prisms  or  cohinins  cnt  from  tlie  same  liloek  of  rock 
were  measured  in  (  rder  to  ascertain  wiiether  different  test 
pieces  would  "rive  idei  tical  readinirs.  If  was  found  as  a  result 
of  thef-  invesfiijatioi.f  that  the  ditferences  lietween  tiie  ditfer- 
ent  s|ieciniens  were  no  ^rrcafi'r  than  those  which  were  ojitained 
!>y  nieasurinir  tiie  saine  specimens  wifii  the  instrument  attaclied 
to  different  sides. 

In  the  cMse.  iiowever.  of  the  Qnincy  irranite.  test  ]iieces  from 
two  different  Mocks  of  the  rock  were  |>repare(i,  and  it  was 
foimd  that  whih'  the  several  measurements  made  on  each  test 
piece  a<rreed  ani<in^'  themselves,  there  was  a  distinct  divergence 
in  the  elastic  constants  «d"  tlie  two  s|H>eimens  of  the  rock. 
This  was  prolmlilv  due  to  a  difference  in  composition,  as  the 
two  rocks  differed  somewhat  in  appearance. 

in  the  case  of  tiie  irreen  iialihro  from  New  (Glasgow,  the 
results  ohtained  h\  measurements  made  upon  different  parts  of 
the  sanu-  prism  were  discordant  for  reasons  which  will  ho 
pointed  out  and  which  were  dependent  upon  the  structure  of 
the  rock. 

Kifty-tive  columns  of  rock,  nineteen  of  glass,  ami  two  of 
iron  were  employed  in  this  investigation  ami  every  precaution 
was  taken  to  insure  the  attainment  <if  accurate  results.  The 
rocks  in  all  cases  were  air-<lry,  having  heen.  allowed  to  remain 
in  the  lahoratory  for  several  weeks  after  they  had  been  cut, 
hefore  the  measurements  were  made. 

In  the  accompanying  tables  the  following  elastic  constants 
are  given  : 

£■=  Young's  Modulus,  i.  c.,  the  <piotient  of  the  longitudinal  stress 

by  the  longitudinal  compression. 
<r=I'ois.son's  Ratio.     This  is  the  reciprocal  of  /«. 

7>=  Modulus  of  Cubic  Compression  =  ,  [  "*   \e.  The  reciprocal 

of  this  gives  the  decrease  in  volume  of  a  cubic  inch  of  the 
material  for  a  pressure  of  1  pound  per  square  inch  applied 
on  every  side. 
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^'=Mo<lulus  of  Slu'iir; 


V"+l/ 


K,  whicli  i»i  till- 


(|iiotit'iit  of 


tur.vional  dlrcHN  to  torsional  Hiraiii. 
Thf   ratio  of  loiij;itii<litial   tHMiiiiri'UHion    to   lafc-ial   ixtc 

|>IT  unit   of    Iflli^til. 

A" and /«  an-  mi'a.suh'<l  tiireftiv  ;  tlio  oti 


latf<l  from  tlii-n 


ii'r  valm>  arc  ( 


ll!<IOI| 


ftU'U- 


Tli 


aliu'! 


tl 


s  III  thf  cax'  or  cacli  ro( 


arc  ''ivcii  III  iiirli   aiu 


(I 


poiiii'l  units,  ami  flu-  n-siilts  arc  miiiimarizcd  in  a  jjciicral  talilc 
on  pairc  121.  The  iiicasimincnts  were  made  in  tlicM-  unit-  on 
Hccoiint  of  the  fact  that  the  tcstiiiir  iiiaehine  eiii|»h»ve«l  wiiji 
^radiiateil  to  read  pounds. 


K 


l>ur|>( 


)f 


h 


this  lattt 


tahii 


Mil 


tlie  n 
.'c  l-.'l. 

IS  jfcncrallv 


are  set  fort! 


sj^c- 


liowc' 
iieen  reeaieiiiatoci  in  (".(i.S.  iinit.s,  and 
in  the  second  talile,  to  he  found  on  pajj 

In  the  case  of  metal.  Poisson'.s  ratio  is  ^cncrallv  arri\  I  at 
l),v  stretcliini;  the  l>ar  and  detcrminiii};  the  value  of  the  ,  vri- 
tiidiiial  ox'eiision  divided  hv  the  lateral  contniction.  ii.  iL»e 
of  rocks  the  tensile  strenjfth  I. •ill';  low  and  the  materials  l>cin<^ 
In-ittle,  it  is^  more  convenient  and  more  accurate  to  make  the 
determination  hv  compressinjr  a  short  har  or  column,  and 
determiniiifj  the  value  of  the  loiiiritudiiiid  compivssioii  divich'd 
hy  the  lateral  expansion.  Tiiis  ji;ives  the  value  desii.'nated  as 
lu,  of  which  J'oisson's  ratio  is  the  rccipr<H-al.  Theoreticallv 
one  method  is  as  accurate  as  the  other. 

In  each   tahle  the  first  transverse  line  desijjnates  the 
Iineii  employed  as  </,  /;,  <•,  or  d. 

The  second  line  j^ives  the  diameter  of  the  specimen,  which 
is  often  slijfhtly  ditferent  in  the  two  directions.  The  len;.'th  of 
the  column  in  all  cases  was  ahoiit  three  inches,  hut  this  is  imt 
stated  in  the  tahle,  as  the  compression  is  not  measured  on  the 
total  length  of  the  column,  hut  (»n  the  length  <if  that  |K)rtion  of  it 
which  lies  hetween  the  jxtints  of  attachment  of  the  instrument. 

The  third  line  gives  the  area,  which  is  approximately  one 
sijiiare  inch  in  the  case  of  a  si]  .are  prism  and  t(iree-<|uarters  of 
a  souare  inch  in  the  case  of  a  round  cohuiiii. 

The  fourth  transverse  line  contains  the  letters  ('  or  /', 
which  designate  the  two  diameters  of  the  column  when  two 
measurements  were  made  on  the  same  square  prism  ;  these  two 
directions  Injing  always  at  right  angles  to  one  another.  In  the 
ca«e  of  round  eolunins  on  which  ineasurenients  were  freiiiu-ntlv 
made  in  several  planes,  these  are  designated  as  "  first  holes,'' 
"second  holes,"  etc. 

In  the  four  succeeding  lines  the  four  elastic  constants  K,  a, 
D  and  6' are  given  as  determined  l)v  each  measurement. 
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TIk'  sixtt'fii  roeks  wliosc  elH><tic  eoiiiitHnti*  were  determined 
are  enuinerateil  in  the  following  list : 

MarhU*  intd  f^iiiientoiiet. 

1.  Mhiok  lielfrian  mnrl)1o :  nn  extren)ely  fine-prraine<l  and  mrnw- 
ivo  lilack  niarlile,  larj^i-ly  iiwd  for  ornamental  piirpuMei)  and  known 
in  trade  a«  "  Hel;;ian  HIaek  ". 

'-'.  White  marhle,  Carrara,  Italy  ;  a  typieal  tine-grained  Bac- 
charoidal  marble. 

M.  White  marhle,  Vermont,  V.  S.  A.;  identical  in  ap|>earance 
witli  the  la>t. 

4.  I'ink  marhle,  TenneHwe,  V.  S.  A.:  a  highly  metaraorphosed 
coralline  limestone  which  has  heen  convened  into  a  marble  ; 
largely  need  for  |iur|>o!H'!<  of  constreotion  and  known  a»  "  Pink 
Tennessee.'' 

5.  Trenton  limestone,  Montreal,  Canada;  a  highly  fossilifer- 
ons  variety,  free  from  any  signs  of  stratitication,  taken  from  a 
heavy  bed  in  the  Mile  End  <|uarrie(t  at  this  plaue  ;  uxed  exten- 
sively as  a  building  stone. 

(Triiiii/t'ii. 

(!.  (Iranite,  Maveiio,  Italy  ;  a  typical  biotite  granite  of  medium 
grain. 

7.  (iranite.  IVlerhead,  Scotland  ;  a  typical,  rather  coarse- 
grained, biotite  granite. 

H.  (iranile,  Lily  Lake,  New  Uriinswick,  Canada ;  closely  resem- 
bles No.  7. 

n.  (iranite,  Westerly,  Uhode  Island,  I'.  S.  A.;  a  typical,  very 
tine-grained  reddish  biotite  granite. 

10.  (iranite,  (^nincy,  Massachusetts,  IT.  S.  A.;  a  rather  coarse- 
grained hornblende  pyro.vene  granite. 

11.  (iranite,  IStanstead,  Quebec,  Canada;  a  rather  fine-grained 
museovite  biotite  granite  ;  the  mica  is  relatively  more  alundanl 
than  in  either  the  Peterhead  or  the  Westerly  granites. 

Xepheliue  Si/enite. 

12.  Nephelinesj'enite,  Montreal,  Canada;  atypical  fine-grained 
massive  hornblende  nepheline  syenite. 

Basic  Plutonic  Rocks. 

VA.  Anorthosite,  New  Glasgow,  Quebec,  Canada  ;  a  rock  com- 
posed of  plagioclase  with  a  subordinate  amount  of  pale  green 
augite  and  green  hornblende;  it  is  fine  in  grain  and  very  tough, 
being  used  for  paving  sets  in  the  city  of  Montreal. 

14.  Essexite,  Mount  Johnson,  Q.iebec,  Canada;  a  typical  esse x- 
ite,  massive  and  uniform  in  clip  "ter,  composed  of  plagioclase, 
nepheline,  augite,  hornblende  aii  ite  ;  used  extensively  as  a 
building  stone  and  for  monuments. 

15.  (iabbro.  New  (ilasgow,  Quebec,  Canada  ;  this  rock  is  deep 
green  in  color  and  occurs  in  the  form  of  a  large  dike  cutting 
the  anorthosite  (No.  13) ;  composed  of  augite,  hornblende  and 
plagioclase,  the  two  former  minerals  preponderating  largely.     It 
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shown  a  (liHtiiu-t  parallelixm  in  Ihe  arraiitft'infiit  of  the  ton»titu- 
eiitK.  t(.  which  iniiy  lK!attribuU'.la  ron».i.Iirahk'  .liv.rmiut.  in  the 
rt-nnltn  ohtanutl  in  the  different  nuainrenient*  ..f  the  ela»tic  c-on- 
xtantK. 

Hi.  Olivine  .Jiabaw,  near  Sn.llMirv,  Ontario,  Cana.la  :  a  typical 
fine-grained,  jHTfectiy  massive  olivine  dial.aw,  .H-.-iirrin.'  an  a 
larjfe  dike  cutting  rocks  of  Iluronian  age.  '^ 

17.  Sandstone.  Cleveland,  Ohio.  l".  .S.  A.,  a  fine,  even-,  rained 
yellowish  sandstone,  extensively  used  f.ir  building  i.Mri.oses  The 
bedding  is  marked  by  a  flight  variation  in  the  color  of  jju-  .lif- 
ferein  In-ds.  The  prism  used  in  the  meaHurement  of  the  ela-tic 
constants  was  cut  from  a  single  bed  and  was  taken  parallel  to  the 
plane  of  iH-dding. 

A  Miininnry  of  the  rosiilts  obtained  in  the  iiieHsnreiiunt  of 
the  elastic  constants  of  these  r«K-ks  is  given  on  n.  \'t\,  Tl„. 
extended  results  are  liere  presented  in  tlie  case  of  three  riK-ks 
only,  wliieh  may  serve  as  re|ireseiitatives  of  the  others. 

Tim.  specimens  of  tlie  rock  were  used  in  measuring  the 
elastic  eoiistants,  two  squares  prisms  („  and  h)  aii<l  a  round 
column  (f).  Two  sets  of  measurements  were  made  on  lioth  A 
and  e,  the  instniment  as  usual  U-iiig  atfixtni  to  the  siHH-iinens 
in  two  positions  at  right  angles  to  one  another  in  each  ciwe. 
In  this  way  live  sets  of  metwuremeiifs  were  made.  The  results 
are  set  forth  in  the  following  table  : 


No.  rt                      A 

Size  1-032XI0.35  101 7x1-016 

Area  1  07                   1  033 

B  8,1 -.'0,000  7,800,000 

<r  -281                    -274 

/>  6,170,000  5,750,000 

C  3,170,000  3,000,000 


t'amtra  Marhle 
b 


1033 
y,0.55,000 

•273 
5,W20,OO0 
:t,  160,000 


c 

•985 

-76'.' 
8,'210,000 

-275 
6,100,000 
3,210,000 


c 

•9K.5 

•762 
H,045,000 

•269 
5,790,000 
3,170,000 


The  averages  of  the  results  obtained  for  the  resiwctive  con- 
stants are  as  follows : — 

£•=8,046,000;     .r=02744;     Z>=5,946,000;      C'=3,154,000. 

The  difference  lietween  the  highest  and  lowest  determina- 
tions of  D  is  420,0(M»  |)ounds. 

Figure  6  shows  the  stress  strain  curves  plotted  from  the 
results  obtained  from  specimen  a,  tlie  ordinates  representing 
the  load  (stress)  and  tlie  abscissae  the  amount  of  the  strain.     I 
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rei)r.'..<iif^  in  nil  oimos  the  lorifritiidiiiul  Poni|m'w<inn  and  II  tin- 
IntiTiil  (■\t»'nsi..ii.  Tln>  ln>.tfn*i«  in  irr«'i»ti'r  tlinn  in  the  cuxe 
i>t  flie  Mack  Itfljrian  iniirMi-  (ri;.'.  7i.  lint  hImmU  tin-  Minic  in 
aniMiiiif  a^  ^ll..^vn  l.v  tin-  Vi-rniont  nmrltl.-  and  flu-  Tn-nhui 
linH'stniic  from  .Mntitrt-al. 
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Flo.  7.     Black  Beljfian  marble,  Btress  strain  en 


Granite,  WeMerly,  lihoth  Isloinl,  V.  K  A. 

Four  test  pieee.  were  used  in  nu-asuring  the  elastic  constants, 

InV./  "t"'"*''!"  P^'',""'  " .""''  *'  **"••  ^'^^  '•"•"'•I  columns,  e 
and  ft  1  wo  sets  of  determinations  were  made  on  each  of  the 
Jrst  three  s,>ec.mens,  the  instruments  being  attached  to  dif- 
ferent pairs  ot  sides  in  each  case,  and  four  l^ts  of  determina- 
tions were  made  on  specimen  d  in  i)lanes  making  angles  at  45° 
with  one  another.      The  results  are  given  in  the  ^following 
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Tlie  HveraffCH  c.f  tin-  voliutt  alitaim-d 
an*  at)  folluwM: 

A'=  7,.194.50O  ;  a  =  "JIb.-,  ; 

/>  =  4,5»7,SU(» ;  r  =  H.(i|0,:oo 

The  (lifferenco  iH-twei'ii  tin-  liijfluttt 
and  l.)w«-Kt  valiu'i*  it)  tin-  four  dftortuina- 
tiotw    of   J)  1,11    tii>i-ciiiH>n   il  was  onlv 

Of  tin.  other  foliiniiiii  a  pjve  (<n  an 
average  somewhat  lower  and  h  w.iiie- 
what  higher  results. 

The  stri'ss  strain  curves  ohtained  from 
s|»e<-imen  <i  art?  shown  in  iigun>  s.  The 
hysteresis  is  greater  tl.au  that  shown  in 
the  cast!  of  anv  of  the  .ther  granites 
except  that  from  Stanstead. 

In  figure  l»  tlie  stress  strain  curves  for 
the  IVterhead  granite,  and  in  figure  In 
those  for  the  nej)heline  svenitc  are 
sliown  for  j)uriM)ses  of  conifrtirison. 

Olivine  iHafHm,  nttir  Sxtdhury,  Ontario, 
(.'anado. 

Four  test   pieces   were  used  in  ileter- 
niining  the  elastic  constairts  (»f  the  rwU. 
VIZ :  thrtH-  round  columns  and  one  nearlv 
Mpiare  prism.     Thev  are  designated   as 
'',  ft,  >•  and  d.     The  three  round  columr  « 
were  cut  out  of  a  hUn-k  of  the  dial.ase 
hv  means  of  an  annular  diamond  drill. 
Two  measurements   were  made  on  each 
of  these  in  planes  at  right  angles  to  one     . 
another,  in  each  case,  while  four  mi-as- 
Hrements  were  made  on    the    prism   ,/    ■ 
using  two  i)airs  of  faces.     Ir.  this  wav     " 
ten  complete  sets  of  measurements  were 
made  for  the   elastic   constatits  of  this 
dialmse. 

The  values  obtained  are  given  in  the 
tables  on  p.  1 1 7. 

As  will  be  seen,  the  values  obtained 
for  />  m  this  rock  are  considerably  higher 
than  those  yielded  l»y  any  other  nn-k  of 
the  series  examined."  hi  the  six  iude- 
wndent  measurements  carried  out  on 
the  first  three  8i)eciiiieiis,  the  difference 
between  the  highest  and  lowest  values 
for  1)  amonnttyl  to  S3(I,(mH(  pnind:^, 
while  on  the  four  measurements  nia<le 
on  speeimeti  d  there  is  a  rather  greater 
differtmce  amounting  to  84.5,000  jwnnds 
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ciirvi-s.  in  Its  iipproiKJi  to 
|H.'rtr.f  .'iHstii'it.v  the  r.«k  is  c.ini.arMl.l,.  to 
Jilatf  jjluss. 

Tff  fJlits'l,-  <  •i,uiitaHt»  of  iil„H». 

As  ill  jifoplivsical  s|Hcnlationh,  flu?  fartli 
III   rc.s|>cct   to   its   rijri.iin    a,„j   ,  ,.iii|.r,.ssi- 
l>iiitv  IS  ..fti'ii  <omimr.'«l  t..  a  frloln- ot  J;l,l^s. 
It  sofiiii'd  iiiivisttl.lf  to  .icteriniiif  as  accii- 
ratolv  US  |.oM*ilil,.  thi'  i-lii^tic  constHiitK  of 
KIiwn  for  tlio  |)iir|H>s»-  of  i'oni|wrinjf  tlifin 
with  tin-  risiilts  ohtaiiie.]  in  the  case  of  the 
various   rocks   (■..iisidertMJ    in     this    paper, 
einph.vitij.'  tlie  -aiiie  iiietho<is  and  earrvin-; 
out  the  work  under  exactly  the  same  coir 
ditioiis.     This   material    lends  it.s.lf  excel- 
lentlv  to  this  methiMl  of  meiwurn^'  these 
eoiistHiifs,  provide<l  the  jrh^s  j^  f,-w  from 
all    UTeffiilaritiew    in    its   siihstance  and   is 
isotropic  in  character.     The  tii-st  difficulty 
experienced  \yas  that  of  ol.taininjf  such  a 
Klass.     At  the  outset  it  w.i«  thoiijrht  that 
thick  ifluss  nxls  such  h.s  are  Used  for  vari- 
ou^  piirp<.ses  in  the  chemical  and   physical 
laho  atorv-    mijrht     |,e    enqluyed,    hut    ai- 
thoiitrh   several   lots  of  the  jiiirest  variety 
of  this   material   were  prcK-uied.  the  jrhUs 
constitutiiiff  it    was   found  in  all  cases  to 
contain    minute   air   hiihhles.    and    when 
examined  (.^'tween  crossed  nicols  in  pilar- 
ize<l    light,    >howe.l    t.rilliant  colors— red. 
yellow  and  blue.     Tiii-  indicated  a  state  of 
marked   tension  in  the  glass,  evident Iv  due 
to  the   rod  having  iK'en  drawn  wheii  the 
glass  was  in  a  viscous  state,  which  was  also 
shown  by  the  circular  arrangeinent  of  the 
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■iOs  ill  iiie  riMi,  foiiowinir  the 
'f  its  surface.  .Short  lengrhs  of 
loreov.  r  wh.M)  tested  in  eompres- 
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been  exceeded,  instead  of  split- 
ting from  to|)  to  bottom,  broke 
as  if  composed  of  a  series  of 
rudely  concentric  shells. 

After  a  prolonged  search  for 
ieotropic  glass  in  masses  of  suf- 
ficient size  to  measure  the  elastic 
constants,  it  was  found  that  plate 
glass  answered  the  re<jnirement8. 
A  piece  of  one  inch  plate  glass, 
made    in    Great    Britain,    was 
accordingly  secured  and  was  cut 
into  strips    an    inch    wide,   and 
these    a^in    into    three    inch 
.     lengths.     The  square  prisms  thus 
produced    were    then  properly 
faced   and    polished.     The  glass 
was  found  to  l)e  absolutely  free 
from  all  flaws  and  impurities,  and 
\viien  examined  between  crossed 
nicols,    the    prisms  although   an 
iiicli  tiiick.  sliowed  in  one  direc- 
tion  at  right  angles  to  vertical 
axis  absolute  blackness  through- 
put a  complete  revolution,  while 
in  the  other  direction   at   right 
angles  to   this  there  was  during 
a  revolution    an    alternation  of 
b  ackness  with    a    pale  grayish 
illumination.     This  change  'was 
so  slight    that    considering    the 
tnickne»«   of   the  glass  and   the 
sensitiveness  of  the  test,  the  ma- 
terial  may  Ins  considered  to   be 
practically    free  from   internal 
tension,   and   to  be   isotropic   in 
eliaracter. 

In  order  to  get  a  good  average 
and  to  eliminate  chance  errors  so 
tar  a»  \xmihh,  seven  of  these 
prisms  were  taken,  and  two  coiin 
plete  sets  of  determinations  were 
made  on  each  of  them,  using  in 
every  ca-^e  different  pairs  of  faces 
J<ourteen  determinations  were 
thus  made  of  each  of  the  elastic 
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Afiamg  and  Coker~Efn»tic  Von»ta„t»  of  I{,h:U      \  1<» 

constants.     Tlie  ligures  ol.tainetl  are  set  forth  in  the  tal.Ie  on 

In  this  table  a  complete  series  ..f  values  ohtainwl  from  each 
gpecmien  are  ^-ven  m  double  rows.  When  the  averase  of  all 
these  results  is  taken,  the  values  obtained  for  the  several  con- 
stants of  plate  f^lass  are  as  follows  : 

^=10,500,000;     a  =  0-2273;     7>  =  0,44H,OOO  ;      T  =  4.2»0,0..O 

The  stress-strain  curves  given  by  one  of  the  prisms  is  sliown 
in  ngare  12  In  this  figure  I  represents  longitudinal  compres- 
sion and  II  lateral  extension.  ' 

Determinations  «f  the  cubic  compressibility  of  glass,  D 
have   been  made  by  other  observers  using  various  methods. 
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Fio.  11.     Sndbnry  Diabaiie,  streu  strain  curvrH. 


The  results  go  to  show  that  different  varieties  of  glass  varv 
consideral>ly  in  their  compressibility.  These  determinations 
may  be  tabulated  as  follows  :* 

Everett 5,074,«00  to  6,.n9,400  (C.G.S.=3  o  to  4-4  X  10") 

Amagat-coininon 

.      R'a*« 6,745,000  (-00(1002 1 8 1  per  atmosphere) 

Amagat-crystal 

glass 0,112,300  (-(1(10002405    "  "  ) 

Tait 5,857,700  (-on(joO'26       «  •.         j 

As  will  be  seen,  the  figures  oi>tained  for  plate  glass  in  the 
present  investigation  lie  a  little  above  the  average  of  the  vari- 
ous values  here  given,  and  are  nearly  those  of  the  highest 
value  obtained  by  Everett. 

•See  Everett,  IllurtnitionH  of  the  C.O.S.  SyHtem  <.f  Units  with  UM^b  of 
Physical  Con.tanU.  Uacmillan  &  Co.,  190-.',  pp.  00  to  84.  The  ttuureN 
there  eipresae,!  in  varions  units  have  been  here  recalculated  into  inch-pouu.i 
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120  Adatn^  and  Cok^r—Khmtic  Constants  of  Hocks. 
Summary  of  Results. 
In  the  table  on  the  followinppaj^fe a  snniiimrv  is  shown  of  the 
averajie  values  obtained  for  E,  a,  C  and  />  in  the  ease  of  all 
the  rocks  examined  in  this  investijjation.  Together  with  these 
are  placed  for  purposes  of  comparison  the  results  obtained  for 
these  constants  in  the  case  of  wrougiit  iron.  ca«t  iron  and  glass. 
In  the  second  table  these  values  are  again  presented,  recal- 
culrtted  into  C.G.H.  units. 

The  ro<;ks  fall  natumllv  into  three  groups  differing  from  one 
another  m  coinjpressibility,  but  the  several  meinlK-TS  of  each 
grou])  agreeing  fairly  eloselj  among  themselves. 
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Fi(i,  12.     Plate  glasii,  Htress-strain  curveH. 

.oSi'r  *'"^*'''  ^"^""^'^  '''"'*  *  ^•orresjH.nding  difference  in  com- 

The   first,  group   consists  of   the   marbles  and   limestones. 

llK-se  have  an  average  value  for  J)  of  «5.345,tM)0.     One  of 

these,  however  the  Wack  Belgian  marble,  which  is  verv  much 

hner  ,n  gram  than  the  others,  and  breaks  almost  like  a  pieceof 

iM  the  other  r,^ks,  which  among  themselves  are  nearly  ide\S 
« a  .  If  we  omit  this  Belgian  marble,  the  average  of  I)  for  the 
otiier  limestones  and  marbles  is  5,85.'),000  * 

The  second  group  comprises  the  granites.  These  again  show 
a  close  agreement  of  values  among  the-nsclves  excfot  in  t  e 
-a^c  of  t he  Stanstead  granite,  wl.icS  rock  as  alrL^  2,  t  "n^ 
shows  a  defective  elasticity.  The  average  value  of  />  f  r  he 
granites  is  4..'?lt9,(M»0.  <^  "•  v^'  lor  rne 

M„''iir  ^l'''"''  "■■"•''  '^'"'"^^'^^  tl'e  basic  intrusives  (gabbro 
anortl.osite,  essexite  and  d.abase).  These  show  grea?er  dTf! 
ferences,  but  have  an  average  value  for  I)  of  8,825  000  The 
nepMine  syenite,  although  higher  in  silica 'and  Xrefoc' 
proiKM-ly  sneaking  an  acid  roc-k,  in  its  freedom  from  nuarS 
am  Its  ric)uiess  in  feldspar  (although  the  f elds  par?  iS 
orthoclase  instead  .»f  plagiochise).  in  mineralogica  eomposifio. 


i 

1 


Adam>,  an,I  Coler- ElaHtir  ConMant^i  of  It,H'U       1 21 

belongs  witi,  these  hasie  rm-ks  rHtlier  tlmn  with  tl...  Kraniti.,. 

biiujr  "PP'"*'''"'  *''*^  •^^'^''^  '"">*'  "•^a'-ly  in  its  ...m.pre«si. 

Elastic  Cosstahth  or  Rotkh. 
Snmmary  of  ReHnlu  (averaKe)  expre«i«l  in  Inch-Ponnd  UniU. 

■.M.WXMNK) 
lO.tNNljHiO 
8,»(W,()0«) 

n:t4i.()U)i 

r>.W«7.(HM) 
fi.JBT.'ilK) 
4.)H)4.(NK) 
4.TI»-.',(Hm 

4..")i:,.vN» 

4,:tO:..'ilMI 
:H»N4.tKK) 
4,.'Vi.'i.t)IK) 
».!)4U.(M)() 
«.!.';17,3<)l) 
N,:t»W,(MH» 
tt.T.W.dOO 
l».5rw>.(MK) 
lO.flifl.'iOO 
1,8I6.(MK) 
6.44H,(IW) 


Wrou){ht  inm 

Cast  iron \\ 

Black  Belginn  marble! "] 

Carran  marble  

Vermont  marble .'.'.. 

Tennessee  marble ..,. 

Montreal  limestone ..."". 

Baveno  granite \" 

Peterhead  granite  ....,'... 

Lily  Lake  granite 

Westerly  i^ranite \. 

Qnincy  granite  (1) 

Qniney  granite  (2) 

Stanstead  granite 

Nepheline  syenite .. 

New' Glasgow  anorthosite  . 
•  Monnt  Johnson  esaoxite 
New  Glasgow  gabbro  *  ... 

Sodbnry  dialiase \'. 

Ohio  sandstone ] ' . 

Plate  glass '.'.'... 


28,10t»,<M)O 

U.OTO.IKX) 
H.lM«.(NM) 

r,r.(n.',(Mio 

»,()Ofl,tt<M» 

«,H3:t.(MM» 
N.29r),<X)(l 
«.1«S,»K»0 

H.747.()()0 
n.24T.r)0«» 
5.««..(H)« 

»,i:i,,..()() 

tl. (»«(•.  (HKl 
9,746.(X)(» 

ir),«5(),(HHI 

lii.7tS:i.(lO(» 
2.-.>li(),(HX) 

10,5()().(MJ0 


oa.'soo 

02780 
0-2744 
0-2«3(l 
0  25IH 
0  2522 
II-252H 
(t2112 
010S2 
02l».'> 
0-2152 
0-1077 
0-2.VC) 
(»-2.VJ(» 
(»2620 

t»-2.wa 

02I»2 
0-2840 
02900 
o  2278 


11,0<MMKH) 
H.(NN).0(MI 

4..'i:«).ooo 

H.154,(KI0 

;i.(Nio,iNio 

;i.fl07,(KXl 
:t,«iM,(KK) 
2.724.8<K» 
»,»i)U.<N)() 

;t,;wo.o<io 
:t,oi«.7oo 

2,781 .fiixi 
:{.445.0IH» 
2,25j<,7tK) 

:t.e:{5.o<N) 
4.750.(HH» 

a.872.eoo 

t(,»<i5,0()0 
5,:«»4.(K)0 

8N8.(K10 
4,2«<l.O00 


Snmmary  of  Results  (average)  expressed  in  t '.G.S.  I'nits. 


I  £  a  c 

Wronghtiron li»  37  ^   ),)"  0  28(H)    7-5»0  x 

Last  iron      ,10.34  ^   i,)n  0  2500   4  182  x 

Black  Belgian  marble  ...i  724  x  10' 1  0  2780   2-»82  x 

Larrara  marble 5  54  x   lO''  0-2744    2171   x 

\ermont  marble 524  x  10"  0 -iflSO   2-0«9  x 

Tennessee  marble 821  x  10"  0  2518    2  482  x 

Montreal  limestone 6-35  x   10"  0  2522    2  504  x 

Baveno  granite 4  71  x   10"  0-25>8    1-K75  x 

reterhead  granite..   571   x   10"  0  2112    2  »4<l  x 

Lily  Lake  granite 5-68  x  10"  01982    2-:i80  x 

Westerly  granite 509  x  10"  0-2I95   2080  x 

Vnincy  granite  (1) ,  4-«4  x  10"  0-2152    1916  x 

Qmncy  (p-anite  (8) 5-«8  x  10"  01977    2  878  x 

Stenstead  granite  892  x  10"  0-2585    l-55«  v 

Nepheline  syenite «28  x  10"  0-2.560   2-.50.5  x 

New  Glasgow  anorthc«ite  .    8-25  x   10"  02620   8275  x 

Mount  Johnson  essexite...    «-71   x   10"  0-2588   8  670  x 

New  Glaaatjw  gabbro  ♦.. .  1080  x  10"  02192    4-:{80  x 

Sndbnry  (fiabase «-49  x   10"  0  2840   3-700  x 

Ohio  sandstone 1-58  x   10"  0  2900      -«12  x 

«'"*^- - T-24  x  10"  0  2273   2  9W)  x 

If  the  neplieline  syenite  be  ineliulcd  witii  the 
averap  value  of  D  is  obtained  of  8,3()H.(MM». 
Tins  omits  from  consideration  the  sandstone, 

•See  page  112. 
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U2      A,la,nH  and  CoJcer-  Elastic  ComtanU  of  Roi^lcn. 

1  liese  results  may  l.c  presented  as  follows : 

Marbles  and  limestones "V3T000'' 

Basic  intrusives *'f  ?'"«» 

so   far  as  ,. an    l.e  a^eertaine-l,  is  one  h i   vS  *  t  fe^^^^^^^^ 
..btamed  he,„«   ,,5„4,1»0    ponnds   (387  X  lO'l^n, '''     t' 

T  .e  marbles  and  the  limestones  of  the  ^rth's  .r«  ? 
intrnsives,  approachinjr  „„e  or  other  of  fhl        i         "'®  '•'""' 

;:;  t^-^- p-p-ion  in^  :f  ^::;  tJS'^ -£22 
nv.VeEoi"of  ;!Scr„:Xe-' ^.  r'"?  ^'^^'"^^  ^--  ^'-e 

tlu;  Hve  hasie  iXusire'EdS   he     enrr"'  ^""•'*^^  "^"^ 
value  obtained  for  J9  is  6  353  ijf         "•'P'lehT.e  syenite),  the 

■■•■if MI:S  Si';i^™" ''-.1..  „,  z> 

<-.«..|.n..sH,lli,v  will  1,.  tlmt^rt  j;,,    •  IfTl      P"I»"';'"«.   '«> 

BuHe^i„-,MI,U.aG::;i.s"C;;';°*3"o:'"  ^'^^W.tcity  a„d  SUty  Cle,v.ge, 
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«te!S.  whJTlT^alnX'r/y''''''  T'^^  "l--i''le  than 

The  eoriiprosMi,)!!  to  which  the  r.M-k*.  ««,,.       i  • 
inch.     Most  of  the  rm-kn    lmw..v-..r    .        '.•'""""  "'I  ""'•^' 

Higher  pressures  c-o.il.i  not  Iw     ,,  „    I  "'^^    '"'•''':  ""^  'naxiina. 
ri.<k  of  breaking  the    j^JLe,  T    •a:\^^  "":'"•'•"'-  "'- 

«>  fstroved.    '"'"""^  appHratus.     ()„e  a,,p„niti,.  was  i„  f,„.t 

Tlie  question  arises  as  to  wlietiier  umler  xtiU  1.:  i 
if  rupture  ,.o„I,|  W.  avoi,le,l  t  e  rat  iof  r  ''"' '''^*'"""^''' 

wouhl  he  umintaintHl.     J,>  Sni  fr^      h  .  .      '  /*'  ''""'P"'ssio„ 
etroneer  sul«tanee«  sue  T*^  ♦  i  ""^  •'••|.';^'-f»H-nt  of  nineh 

inferml  that  tE  mio  '  f     .t  P''  '*''*""  ^"""''"-'.^   ^^^^^l  h  is 

Hetsin«„dthe^<sLSt;:t{:r"''"'  "•■  ""^"  "♦'f-'""'-" 

whieh  euhic  CO. nniSsion        IT  "  *^""'«'''«  ''v  «">•  ...eth.Ml  in 
l.itherto  suggested  .SbV,  fl  f    'l:  ''*"'  '"f  "-'  '>*  ^''i*^  ki"« 

order  to  ohtain  resu  ts  Jlr  »,,ro  V  f  '"''  "^  ."""  "'^'^''"'I  i" 
given  in  the  pre^nt  pa  " '  ^  u  « v  Tl'^r""*"  "''''  ''"«« 
overcoming  ^ccrtaS  '^.Sin  a  .f!*  ''■,r«"£,"^-^--e<led  in 
mental  errors  in  ti  is  meth  Lj  ».  •''*''"'^"'"-  T'"'  ''^P^''!- 
exiHt.  and  in  «  phi  it  t  I'.l""^ '•"■''''''■•^"''•^'  ""'-"/^tili 
l>re.S8ihle  than  tU^Kcc  e^.  ;uHn'*''p-"  '""/'''  ^"''  <•'^"'- 
these  errors  iH^con.e  prZrtionaMv  ''  '^"•''*'*^'  "'"'  '''»""' 
;igl.er  pre«,„res  than^IZe  'S  J  thr.neth'::'!"  ^r^^^' 
the  present  paper  could  »mZ.l.i  "'ethml  employed  in 

method,  while  dirtirt  It      '    ^  O'l'loved  in  this  ,lire,-t 

?f  .ninute  air-fillS    paci    wouJrorc.Jn  "^^  "'"'  ^!"'  •'«"^- 
in  the  case  of  most  rocks      uJ     1"^"^«'''.V  P'-f''e"t  then.selyes 

«idere<1,  the  inTtrmetluil  hrem.'l""  1""^^  ''*^'"*^'  """ 
accurate  as  any  direct  ZtEi-Sf  '''"•'">''"'•«  probahly  as 
to  apply  RichJrds^d  StS  Jettro^i,"'"''^-  '^^T'^'^^V^ 
being  continued,  however    an  f^  W^  '"^^'  '**  '*»" 

res„^n.ybee;e„t„a7ir;b"t;;l.ed  b^i^C'  ''"'  '''''''''"'y 

♦  ninstnttiong  of   the  C  O  v!    Qo.*  „     *    r^ 
Cowuuu.  ^MacmilUn  i^C^i^^ffl^'^^,"'    ^"i'"  -"h  tables  „f  Phynic-al 
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